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ABSTRACT
Monthly h e rd  d a t a  from Dairy  Herd Improvement A s s o c i a t i o n  (DHIA) 
r e c o rd s  fo r  the  p e r io d  from J a n u a ry ,  1962 th rough  March, 1964 were used 
to  de te rm in e  the v a lu e  of e s t i m a t e d  n e t  energy  (ENE) i n t a k e  from s o u rc e s  
o f  feed  used in  L o u i s i a n a  f e e d in g  programs on 1 . )  m a in tenance  and m i lk  
p r o d u c t i o n ,  and 2 . )  income over  feed  c o s t .
One thousand and f o u r t e e n  (1014) h e rd  month o b s e r v a t i o n s  were made. 
A l l  r e c o r d s  were c o n v e r t e d  t o  4 pe r  c e n t  f a t  c o r r e c t e d  m i lk  (FCM). The 
f e e d in g  programs were e v a l u a t e d  by u s in g  t o t a l  Therms o f  ENE i n t a k e  from 
c o n c e n t r a t e s ,  s i l a g e ,  hay ,  and p a s t u r e  consumed p e r  cow days in  m i lk .
The average  l e v e l  of  ENE i n t a k e  pe r  cow p e r  day from d i f f e r e n t  
s o u rce s  o f  feed  in  t h e s e  d a t a  was: c o n c e n t r a t e s ,  8 .8 0  Therms; s i l a g e ,
2 .0 1 ;  hay ,  2 .5 6 ;  and p a s t u r e ,  3 .7 8 .  C o n c e n t r a t e s  s u p p l i e d  51 .21  p e r  c e n t  
of the  t o t a l  ENE i n t a k e  f o r  the  p e r i o d  covered  i n  t h i s  s tu d y .  The r em a in ­
ing  48 .79  p e r  c e n t  o f  ENE was s u p p l i e d  by fo rage  and came from the  f o l ­
lowing s o u rc e s :  s i l a g e ,  11.60 p e r  c e n t ;  hay ,  14.98 p e r  c e n t ;  and p a s t u r e ,
22.05 pe r  c e n t .  C o n c e n t r a t e s  e x h i b i t e d  a sm al l  month ly  range  (48.11 - 
55.81 per  c e n t ) .
The r e g r e s s i o n  e q u a t i o n  o b t a in e d  from the  r e g r e s s i o n  of  FCM on the  
f iv e  v a r i a b l e s  s tu d i e d  i s :
9 -  - 65.5749 + O.ISlOXj + 1.3438X2
+ 1.0935X, + 0.3723X, + 1.0519X,-3 4 o
- 0 .0009x5 - 0.0017X2 - 0 . 0019X?.2 3 5
v i i i
Y -  FCM, X^ •  Days In  m i l k ;  X2 ■ Therms ENE from c o n c e n t r a t e s ;  X3 -  Therms 
ENE from s i l a g e .  X^ -  Therms ENE from hay;  X^ •  Therms ENE from p a s t u r e .
Maximum m i lk  p r o d u c t io n  cou ld  be o b ta in e d  by i n c r e a s i n g  ENE i n t a k e  
w i th  c o n c e n t r a t e s  from 8 .8 0  to  46 .40  Therms (66 .30  pounds c o n c e n t r a t e s ) ;  
o r ,  by i n c r e a s i n g  ENE i n t a k e  w i th  s i l a g e  from 2 .01  to  20.09 Therms (143 .50  
pounds s i l a g e ) ;  o r ,  by i n c r e a s i n g  ENE i n t a k e  w i th  p a s t u r e  from 3 .7 8  to  
17.26 Therms. Feed ing  hay was l i n e a r  to  th e  l i m i t s  o f  t h e s e  d a t a .  I t  was 
d e te rm ined  t h a t  by i n c r e a s i n g  ENE i n t a k e  from 0 to  10 Therms, the f o l l o w ­
ing  number o f  Therms p e r  a d d i t i o n a l  pound o f  FCM were needed from th e  d i f ­
f e r e n t  s o u rc e s  o f  f e e d :  c o n c e n t r a t e ,  0 . 7 5 ;  s i l a g e , 0 .9 2 ;  hay ,  2 .6 9 ;  o r
p a s t u r e ,  0 . 9 7 .
The r e g r e s s i o n  e q u a t i o n  o b ta in e d  from the  r e g r e s s i o n  o f  income over  
feed  c o s t  on th e  f i v e  v a r i a b l e s  s t u d i e d  i s :
$  -  - 74.3608 + 0.9685X! + 1.3479X3 
- 1.1333X^ -  0.0099X3 - 0 .0 0 4 1 x 2 
+ 0.0070X^.
Y ■ income over  feed  c o s t .
I t  was d e te rm in e d ,  by u s in g  th e  f i r s t  d e r i v a t i v e  of  1.3479X^ -
2
0,009SBCJ in  th e  above e q u a t i o n ,  t h a t  i f  c o n c e n t r a t e s ,  h a y ,  and p a s t u r e  a r e  
fed  a t  th e  a v e rag e  l e v e l  o f  ENE i n t a k e  shown in  t h i s  s tu d y ,  4 .2 5  Therms 
ENE i n t a k e  from s i l a g e  (3 0 .4 0  pounds s i l a g e )  p e r  cow p e r  day would be 
needed to  maximize Income over  feed  c o s t .  L i n e a r  and c u r v i l i n e a r  e f f e c t s  
f o r  c o n c e n t r a t e s  were no t  s i g n i f i c a n t .  I t  was a l s o  d e te rm in e d  t h a t  i n c r e a  
ing  ENE i n t a k e  w i th  s i l a g e  from 0 t o  10 Therms r e s u l t e d  i n  an i n c r e a s e  of 
12.48 c e n t s  Income over  feed  c o s t  p e r  cow p e r  day .  I n c r e a s i n g  ENE i n t a k e
w i t h  p a s t u r e  from 0 t o  10 Therms r e s u l t e d  in  an  i n c r e a s e  o f  0 .7 0  c e n t s ;  
w h e re a s ,  i n c r e a s i n g  ENE i n t a k e  w i th  hay from 0 t o  10 Therms r e s u l t e d  i n  
a d e c r e a s e  o f  13.75 c e n t s  income o ver  feed  c o s t  p e r  cow p e r  day .
x
I .  INTRODUCTION
U nderfeed ing  i s  g e n e r a l l y  c o n s id e r e d  to  be a m ajo r  f a c t o r  c o n t r i b ­
u t i n g  to  the  low l e v e l  o f  m i lk  p r o d u c t io n  i n  many d a i r y  h e r d s  i n  the  
South .  This  low l e v e l  o f  m i lk  p r o d u c t io n  c o n s t i t u t e s  one o f  th e  major  
problems c o n f r o n t e d  by L o u i s i a n a ' s  Dairy  I n d u s t r y .  However, some p ro g ­
r e s s  has  been made. This  improvement i s  i n d i c a t e d  by the  f a c t  t h a t  the  
ave rage  commercial  d a i r y  cow in  L o u i s i a n a  produced o n ly  3 ,110  pounds 
o f  m i lk  a n n u a l l y  in  1958 as  compared to  a p p r o x im a te ly  6 ,000  in  1963 
(1 0 0 ) .  F u r t h e r  e v id e n ce  o f  p r o g r e s s  i s  found in  th e  f a c t  t h a t  i n  1958 
the  av e rage  d a i r y  cow on p r o d u c t io n  r e c o r d s  in  L o u i s i a n a  p roduced  6 ,426 
pounds o f  m i lk  a n n u a l l y  as  compared to  8 ,252  in  1963 (1 5 7 ) .  I n c r e a s e d  
m i lk  p r o d u c t io n  o f  th e  av e rage  d a i r y  cow has  been  b ro u g h t  abou t  by im­
proved management,  g r e a t e r  p a r t i c i p a t i o n  in  th e  use of  r e c o r d s ,  more 
r i g i d  c u l l i n g  o f  low -p roduc ing  cows and the  use of b u l l s  w i th  p roven  
a b i l i t y  t o  t r a n s m i t  h ig h  p r o d u c t io n .  Proven b u l l s  were made a v a i l a b l e  
th rough  the  s t a t e - w i d e  a r t i f i c i a l  b r e e d in g  program.
Research  w orkers  th ro u g h o u t  the  n a t i o n  have r e p o r t e d  many s i g n i ­
f i c a n t  f i n d i n g s  i n  th e  s u b j e c t  m a t t e r  a r e a  of  d a i r y  c a t t l e  n u t r i t i o n .  
However,  some of  the  s t u d i e s  d e a l i n g  w i th  ene rgy  r e q u i r e m e n t s  and p h y s io ­
l o g i c a l  r e sp o n se  o f  d a i r y  c a t t l e  conduc ted  i n  o t h e r  s t a t e s  may n o t  a p p ly  
t o  L o u i s i a n a  because  of  the  h ig h  h u m id i ty ,  ex treme h e a t ,  and l a r g e  f l u c ­
t u a t i o n s  i n  t e m p e r a tu r e  which p r e v a i l  i n  t h e  s t a t e .  Because o f  the
1
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p r e s e n t  L o u i s i a n a  ave rage  y e a r l y  p r o d u c t i o n  p e r  cow and h ig h  in v es tm e n t  
and o p e r a t i o n a l  c o s t s ,  and in  l i g h t  of th e  l i m i t e d  n u t r i t i o n a l  in fo rm a ­
t i o n  a v a i l a b l e  under  L o u i s i a n a  c o n d i t i o n s ,  i t  i s  o f  v i t a l  i n t e r e s t  to  
d e te rm in e  th e  s o u rc e s  o f  n u t r i e n t s  in  f e e d in g  d a i r y  c a t t l e  and t h e i r  
r e l a t i o n  to  m i lk  p r o d u c t io n  in  L o u i s i a n a .  This  i s  im p o r ta n t  from the  
s t a n d p o i n t  of  a d d i t i o n s  t o  fundamenta l  knowledge and as  a p o s s i b l e  key 
to  a sou rce  o f  n u t r i e n t s  or  a c o m b in a t io n  of  s o u rce s  t h a t  would lead  t o  
i n c r e a s e d  p r o d u c t io n  per  cow in  the  most  e f f i c i e n t  way. The d a i r y  farmer  
i s  faced  w i th  the im p o r ta n t  problem of  the  sou rce  o f  feed  n u t r i e n t s  f o r  
economical  use  in  h i s  d a i r y  h e r d .  This  problem must be approached  from 
the  c a p a b i l i t i e s  o f  h i s  farm to  produce f e e d ,  the  consumption o f  feed  by 
h i s  d a i r y  cows, and f i n a l l y  h i s  a b i l i t y  t o  p r e d i c t  the  p h y s i o l o g i c a l  
r e s p o n s e .  Data from n u t r i t i o n a l  s t u d i e s  and d e t e r m i n a t i o n  of  d i g e s t i o n  
c o e f f i c i e n t s  f o r  v a r i o u s  feed  i n g r e d i e n t s  can make m ajo r  c o n t r i b u t i o n s  
to  the  p roblem.  However,  e v e n t u a l l y  the  e n t i r e  f e e d in g  program must be 
e v a l u a t e d  w i th  m i lk  p r o d u c t io n  r e sp o n se  o f  l a c t a t i n g  d a i r y  cows.
Research  and E x te n s io n  w orkers  have r e c o g n iz e d  the  l i m i t a t i o n s  
on p r o d u c t io n  by low energy  i n t a k e  i n  many h e r d s .  To r each  the  h i g h e r  
l e v e l s  of  m i lk  p r o d u c t io n  dairymen must be p ro v id e d  w i th  f e e d in g  s t a n d ­
a rd s  t h a t  w i l l  induce the  h ig h  a b i l i t y  cows t o  produce a t  a r a t e  in  k e e p ­
ing w i th  t h e i r  a b i l i t y .  However, economic f a c t o r s  i n  the  i n d i v i d u a l  h e rd  
should  be used  in  d e t e r m in in g  p r o f i t a b l e  f e e d in g  l e v e l s .  P r e s e n t - d a y  
f e e d in g  s t a n d a r d s ,  based  on d a t a  o f  Haecker  (57,  58) a r e  a d eq u a te  f o r  
low p r o d u c t io n  l e v e l s  b u t  a r e  i n  no way c a p a b le  o f  m a i n t a i n i n g  and in d u c in g  
p r o d u c t io n  f o r  t o d a y ' s  h ig h  p o t e n t i a l  cows.
The im por tance  of  an  ad eq u a te  energy  supp ly  in  th e  r a t i o n s  o f  
d a i r y  c a t t l e  has  been  s t r e s s e d  by numerous w r i t e r s .  F l a t t  (42) s t a t e d  
t h a t  "A l i m i t e d  energy  supp ly  more f r e q u e n t l y  r e t a r d s  t h e  growth  o f  
d a i r y  c a t t l e  and lowers  m i lk  p r o d u c t io n  th an  does a d e f i c i e n c y  o f  any 
o t h e r  n u t r i e n t . "  P r e s e n t  day r e s e a r c h  r e l a t i n g  l a c t a t i o n  r e sp o n s e s  to  
energy  i n t a k e  coup led  w i th  more a c c u r a t e  f o r a g e  q u a l i t y  e v a l u a t i o n ,  
p o i n t s  up th e  need f o r  a d ju s tm e n t s  i n  p r e s e n t - d a y  f e e d in g  s t a n d a r d s .
There a r e  v a r i o u s  methods by which ene rgy  m e tab o l i sm  o f  l a r g e  an imalp  
and n e t  energy  v a l u e s  of  feed s  may be e x p e r i m e n t a l l y  d e te r m in e d .  Such 
r e s u l t s  can be used i n  b a s i c  r e s e a r c h .  However, most o f  th e  s t u d i e s  
concerned  w i th  t h e  r a t i o  of  fo ra g e  t o  c o n c e n t r a t e  d e a l  w i t h  th e  e f f e c t  
upon d i g e s t i b i l i t y  (3 ,  17, 40,  62, 101, 113, 130) .
The e l e c t r o n i c  c a l c u l a t i o n s  o f  f e e d in g  recommendations  th rough  
e l e c t r o n i c  d a t a  p r o c e s s i n g  machine (EDPM) d a i r y  h e rd  p r o d u c t i o n  r e c o r d s  
program make use  o f  e s t i m a t e d  n e t  ene rgy  in  a p p l y i n g  the  e s t a b l i s h e d  
f e e d in g  s t a n d a r d  to  th e  problem o f  f e e d in g  each  i n d i v i d u a l  cow. There 
i s  need to  use t h e s e  a v a i l a b l e  d a t a  from EDFM-DHIA r e c o r d s  t o  s tu d y  the  
r e l a t i o n s h i p  of m i lk  p r o d u c t io n  and body m a in ten an ce  to  e s t i m a t e d  n e t  
energy  o f  d a i r y  c a t t l e  r a t i o n s  i n  L o u i s i a n a .
This  s tu d y  was concerned  w i th  the  p h y s i o l o g i c a l  r e sp o n s e  o f  d a i r y  
cows to  e s t i m a t e d  n e t  ene rgy  i n t a k e  as  measured by th e  t o t a l  amount of  
f a t - c o r r e c t e d  m i lk  (FCM) p roduced .  The p r im ary  o b j e c t i v e s  of  t h i s  s tu d y  
were:  1.)  t o  s tu d y  th e  l e v e l  o f  e s t i m a t e d  n e t  ene rgy  i n t a k e  from v a r i ­
ous s o u rc e s  o f  f e e d s  used in  f e e d in g  L o u i s i a n a  d a i r y  cows e n r o l l e d  in  
DHIA r e c o r d s ;  2 . )  t o  d e te rm in e  th e  amount o f  e s t i m a t e d  n e t  ene rgy  i n t a k e  
from t h e s e  feed  s o u rc e s  needed f o r  maximum m i lk  p r o d u c t io n  p e r  cow; 3.)  
t o  d e te rm in e  w he the r  th e  p r e s e n t l y  recommended e s t i m a t e d  n e t  energy  i n t a k e
f o r  m a in tenance  and m ilk  p r o d u c t io n  i s  ad e q u a te  f o r  d a i r y  cows in  L o u i ­
s i a n a ;  and 4 . )  to  d e te rm in e  th e  amount o f  e s t i m a t e d  n e t  energy  i n t a k e  
from th e  d i f f e r e n t  s o u rc e s  of  feed s  used i n  t h i s  s tudy  needed f o r  maxi­
mum income over  feed  c o s t  p e r  cow. More s p e c i f i c a l l y ,  the  r e g r e s s i o n s  
of  m i lk  produced and income over  feed  c o s t  on amount of  c o n c e n t r a t e s ,  
s i l a g e ,  hay ,  and p a s t u r e  consumed were d e te rm in e d .  The d a t a  f o r  t h i s  
s tu d y  were o b t a in e d  from L o u i s i a n a  DHIA r e c o r d s  p r o c e s s e d  by E l e c t r o n i c  
Data P r o c e s s i n g  Machines (EDPM). The model was a m u l t i p l e  l i n e a r  r e g r e s ­
s io n  f u n c t i o n .  The e f f e c t s  o f  the  v a r i o u s  s o u rc e s  o f  feed  n u t r i e n t s ,  as  
w e l l  as  p la n e  o f  n u t r i t i o n ,  were s t u d i e d  by months.  The u l t i m a t e  o b j e c ­
t i v e  was t o  e v a l u a t e  and improve th e  i n d i v i d u a l  y e a r - r o u n d  f e e d in g  p r o ­
grams on L o u i s i a n a  d a i r y  farms and i n c r e a s e  e f f i c i e n c y  in  m i lk  p r o d u c t io n .
I I .  REVIEW OF LITERATURE
Forms and Measures o f  Energy Values  o f  Feeds
The e x p r e s s i o n  Food Energy was used by Maynard and L o o s l i  (109) 
t o  d en o te  th e  v a lu e  o f  food f o r  i t s  l a r g e s t  f u n c t i o n ,  t h a t  i s  t o  f u r ­
n i s h  ene rgy  f o r  body p r o c e s s e s  and to  form th e  n o n - n i t r o g e n o u s , o r g a n ic  
m a t t e r  o f  t i s s u e s  and s e c r e t i o n s .  The c a t a b o l i s m  of c a r b o h y d r a t e s ,  f a t s ,  
and p r o t e i n  in  the  body r e l e a s e s  f r e e  e n e rg y ,  which i s  t r a p p e d  by adeno­
s i n e  t r i p h o s p h a t e  (ATP) and in  t u r n  used to  s u p p o r t  e n d e rg o n ic  r e a c t i o n s  
such as  s y n t h e s i s .  This  i s  the  p r i n c i p a l  mechanism by which food s e r v e s  
as  a so u rc e  o f  ene rgy  f o r  body p ro c e s s  (35, 87 ,  109).
This  e n e rg y ,  r e l e a s e d  from b i o l o g i c a l  r e a c t i o n s  and a v a i l a b l e  f o r  
u s e f u l  work, such as  the  p r o d u c t io n  o f  m i lk ,  i s  c a l l e d  th e  f r e e  ene rgy  
change (A F) as  d i s t i n g u i s h e d  from h e a t  ene rgy  ( A H ) .  The two r e a c t i o n s  
in v o lv ed  a r e  1.) e x e rg o n ic  r e a c t i o n s  i n  which a l l  body r e a c t i o n s  p r o c e e d ­
ing  under  th e  i n f l u e n c e  o f  a c a t a l y s t  r e l e a s e  e n e rg y ,  and 2.) en d e rg o n ic
r e a c t i o n s ,  which r e q u i r e  e n e rg y .  The en d e rg o n ic  r e a c t i o n s  c a n n o t  t ak e  
p l a c e  u n l e s s  the  needed f r e e  energy  i s  s im u l t a n e o u s l y  r e l e a s e d  from some 
e x e r g o n ic  r e a c t i o n .  These two r e a c t i o n s  in v o lv e d  a r e  c a l l e d  coup led
r e a c t i o n s  and can be shown as  fo l lo w s :
Exe rgon ic  ■ ATP + ^ 0  —»
Endergonic  ■ Glucose  ---- »> Glycogen
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Here we see  t h a t  t h e  fo rm a t io n  of  g lycogen  from g lu c o s e  r e q u i r e s  en e rg y .  
Th is  ene rgy  i s  f u r n i s h e d  by th e  fo rm a t io n  o f  a d e n o s in e  d ip h o s p h a te  (ADP) 
from a d e n o s in e  t r i p h o s p h a t e  (ATP), an e x e rg o n ic  r e a c t i o n .  The f r e e  
ene rgy  i s  p ro v id e d  by s p l i t t i n g  o f  a "h igh  en e rg y "  o r  "energy  r i c h "  p h o s ­
p h a te  bond i n  ATP Thus, t h e  ene rgy  of  t h e  p r o c e s s  a p p e a r s  as  h e a t  and 
in  a form which can be used f o r  work by l i v i n g  c e l l s  (35 ,  53, 87 ,  109) .
S ince  a l l  forms of  energy  a r e  c o n v e r te d  i n t o  h e a t ,  i t  has  been 
found c o n v e n ie n t  t o  e v a l u a t e  food i n t a k e  and body p r o d u c t s  in  terms of  
h e a t  u n i t s .  The n e t  ene rgy  v a l u e s  o f  l i v e s t o c k  f e e d s  a r e  commonly 
e x p re s s e d  i n  Therms, which i s  th e  amount of h e a t  r e q u i r e d  to  r a i s e  the
te m p e r a tu r e  of  1 ,000 k i lo g ra m s  o f  w a te r  1° c e n t i g r a d e ,  o r  t o  r a i s e  the
te m p e r a tu r e  o f  1 ,000 pounds of  w a te r  abou t  4°  F a h r e n h e i t .  The sm al l  
c a l o r i e  i s  d e f i n e d  as  t h e  amount of  h e a t  r e q u i r e d  to  r a i s e  1 gram of  
w a te r  l°C.  The l a r g e  c a l o r i e ,  w r i t t e n  w i th  a c a p i t a l  "C" t o  d i s t i n g u i s h
i t  from th e  sm a l l  c a l o r i e ,  i s  th e  amount of  h e a t  r e q u i r e d  t o  r a i s e  1 kg .
o f  w a te r  1°C. The l a r g e  c a l o r i e  i s  the  u n i t  used in  e x p r e s s i n g  th e  ene rgy  
v a l u e  of  foods and i s  a l s o  c a l l e d  k i l o c a l o r i e  ( k c a l ) . A Therm i s  1 ,000 
k i l o c a l o r i e s  or  one m e g a c a lo r i e  (megcal o r  m e a l ) . I t  has  been  used as  a 
m a t t e r  o f  c onven ience  when l a r g e  v a l u e s  a r e  i n v o lv e d ,  a s  i n  e x p r e s s i n g  
th e  n e t  energy  v a l u e s  o f  l i v e s t o c k  feed  (35 ,  87,  109, 116).
In  d i s c u s s i n g  th e  d e t e r m i n a t i o n  o f  th e  use o f  food i n  th e  body,  
and t h e r e b y  o b t a i n i n g  a measure  o f  th e  r e l a t i v e  v a lu e  o f  v a r i o u s  f e e d s ,  
Henderson and Reeves (63) s t a t e d  t h a t  th e  " c o e f f i c i e n t  o f  d i g e s t i b i l i t y "  
t e l l s  th e  p e r c e n ta g e  o f  t h e  food t h a t  i s  a s s i m i l a t e d  by th e  body,  b u t  i t  
does  no t  t e l l  what use t h e  a n im a ls  make o f  th e  n u t r i e n t s  a f t e r  they  a r e  
once w i t h i n  th e  body. The use  an im als  make o f  n u t r i e n t s  a f t e r  th ey  a r e
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once w i t h i n  th e  body has  t o  be d e te rm in ed  by a com ple te  b a l a n c e  o f  n u t r i ­
t i o n ,  in  which the  e n t i r e  i n t a k e  i s  b a la n c ed  a g a i n s t  the  e n t i r e  ou tgo .  The 
in t a k e  i n c l u d e s  a i r ,  food ,  and w a t e r ;  the ou tgo  in c l u d e s  the  f e c e s ,  u r i n e ,  
g a s e s ,  and h e a t .  By m easur ing  each o f  t h e s e ,  i t  i s  p o s s i b l e  to  de te rm ine  
e x a c t l y  how much of  th e  g r o s s  ene rgy  of  t h e  feed  the  an imal  has  been a b le  
t o  use  f o r  g rowth ,  f a t t e n i n g ,  work,  or  m i lk  p r o d u c t io n  (35 ,  63,  87 ,  109, 
116).
Methods o f  E x p re s s in g  Energy Values  o f  Feeds
I n  o r d e r  t o  d e te rm in e  the  so u rc e s  of ene rgy  fo r  d a i r y  a n im a l s ,  the  
amount of  n u t r i e n t s  f u r n i s h e d  by th e  v a r i o u s  a v a i l a b l e  feeds  must be known. 
This  problem o f  a s s e s s i n g  the  v a lu e  of  an imal  feed s  i s  n o t  new. For  cen ­
t u r i e s  work has  c o n t in u e d  i n  many and v a r i e d  forms d e d i c a t e d  to  th e  end of  
b e in g  a b l e  t o  p r e d i c t  the  n u t r i t i v e  v a lu e  of  a f e e d in g  s t u f f  from some s o r t  
o f  e x p e r im e n ta l  e v id e n c e .  Three o f  the  b a s i c  measures  o f  n u t r i t i v e  v a lu e  
i n  common usage o ver  th e  y e a r s  have been :  1 . )  T o ta l  d i g e s t i b l e  n u t r i e n t s
(TDN), 2 . )  m e t a b o l i z a b l e  ene rgy  (ME), and 3 . )  n e t  ene rgy  (NE). More 
r e c e n t l y  d i g e s t i b l e  energy  (DE) has  r e c e i v e d  a t t e n t i o n .  A lso ,  e s t i m a t e d  
n e t  energy  (ENE) v a l u e s  a r e  b e in g  used to  d e te rm in e  q u a l i t y  codes  fo r  
v a r i o u s  f e e d s t u f f s  i n  r e p o r t i n g  th e  q u a l i t y  of  fo ra g e  consumed by cows 
e n r o l l e d  i n  d a i r y  p r o d u c t io n  r e c o r d s  which a r e  computed by e l e c t r o n i c  d a t a  
p r o c e s s i n g  m ach ines .
H i s t o r i c a l  Aspect
The t o t a l  d i g e s t i b l e  n u t r i e n t  (TDN) sys tem  has  been  i n  use  i n  th e  
U n i ted  S t a t e s  f o r  many y e a r s .  Crampton and Lloyd (35) have p o i n t e d  ou t  
t h a t  th e  p r e s e n t  day TDN system o f  feed  d e s c r i p t i o n  and o f  e x p r e s s i n g
r e q u i re m e n t s  i n  North American f e e d in g  s t a n d a r d s  was deve loped  from the  
o r i g i n a l  s t a n d a r d  p roposed  by Wolff  i n  1816. The s t a r c h  e q u i v a l e n t  scheme 
o r i g i n a t e d  by K e l ln e r  i n  1907 led  to  the  n e t  energy  system of  e x p r e s s i n g  
food v a l u e s  and animal r e q u i r e m e n t s .  The n e t  ene rgy  system was developed 
in  America by Armsby. In  i t  the  ene rgy  r e q u i r e m e n ts  were e x p re s s e d  as  
Therms o f  n e t  energy  r a t h e r  th an  as  s t a r c h  v a l u e s .
In  1917 Armsby p u b l i s h e d  n e t - e n e r g y  v a l u e s  f o r  a c o n s i d e r a b l e  l i s t
o f  f e e d s .  These energy  v a l u e s  were computed from f a c t o r s  based  on n e t -
energy  i n v e s t i g a t i o n s  w i th  s t e e r s  and on the  ex p e r im en ts  o f  K e l l n e r .
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M orr ison  (116) c la im ed  t h a t  Armsby's  method of co m p u ta t io n  was f a u l t y  and 
some o f  h i s  v a lu e s  were d e c i d e d l y  i n c o r r e c t .  Because o f  t h e i r  l i m i t a t i o n s ,  
t h e  Armsby n e t - e n e r g y  v a l u e s  and th e  K e l l n e r  s t a r c h  v a l u e s  have n ever  been 
w id e ly  used i n  th e  U ni ted  S t a t e s ,  I t  i s  b e l i e v e d  t h a t  t h e  Armsby v a l u e s ,  
l i k e  the  K e l l n e r  s t a r c h  v a l u e s ,  shou ld  now be c o n s id e re d  as  h a v in g  only  
h i s t o r i c a l  im por tance .
The S c a n d in a v ian  c o u n t r i e s  use a sys tem  in  which th e  v a lu e  o f  one 
pound of b a r l e y  i s  t a k e n  as  th e  s t a n d a r d .  In  t h i s  sys tem ,  c a l l e d  "The 
S c a n d in a v ian  F eed -U n i t  Sys tem ,"  th e  f e e d - u n i t  v a lu e  fo r  any feed  i s  the 
amount of  t h a t  f eed  which I s  e s t i m a t e d  to  have the  same p r o d u c t iv e  v a lu e  
as 1 .00 pound o f  b a r l e y .  Thus, the  v a lu e  o f  c o r n  g r a i n  g iv e n  as  0 .95 
pound means t h a t  i t  t a k e s  0 .9 5  pound o f  c o r n  t o  e q u a l  1 .00  pound o f  b a r ­
l e y  in  f e e d in g  v a l u e .  M orr ison  (116) h a s  n o ted  t h a t  t h i s  f e e d - u n i t  s y s ­
tem has  n e v e r  been w id e ly  used  i n  t h e  Uni ted  S t a t e s  because  i t  i s  n o t  a 
t r u e  e x p r e s s i o n  of  n e t  e n e rg y .  In  t h i s  system fe e d s  r i c h  in  p r o t e i n  a r e  
g iv e n  h i g h e r  v a l u e s  th a n  feed s  low i n  p r o t e i n  which a c t u a l l y  f u r n i s h  the  
same amount o f  n e t  e n e rg y .
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F raps  (48 ,  49) a r r i v e d  a t  what he r e f e r r e d  to  as  " p r o d u c t i v e  
ene rgy"  from p u b l i s h e d  ex p e r im en ts  and th e  r e s u l t s  o f  h i s  own f e e d in g  
t r i a l s  w i th  sheep ,  c h i c k e n s ,  and r a t s .  The method f o r  d e t e r m in in g  the  
p r o d u c t iv e  energy  invo lved  the  s l a u g h t e r i n g  o f  a check group of  an im als  
a t  the  s t a r t  and one e x p e r im e n ta l  group a t  th e  end of  f e e d in g  t r i a l s .
By a n a l y s i s  o f  the  c a r c a s s e s  of  t h e  two groups  f o r  f a t  and p r o t e i n  and 
by c a l c u l a t i o n  o f  the  g r o s s  c a l o r i e s  th u s  r e p r e s e n t e d ,  the  ene rgy  g a in ed  
as  a r e s u l t  of  the  r a t i o n  o r  feed under  t e s t  cou ld  be d e te rm in e d .  M o r r i ­
son (116) c la im ed  t h a t  F r a p s '  v a l u e s  seemed t o  be more a c c u r a t e  e s t i m a t e s  
of  v a lu e s  o f  d i f f e r e n t  feeds  f o r  p r o d u c t iv e  pu rp o ses  than  K e l l n e r ' s  s t a r c h  
v a lu e s  or  Armsby's  n e t - e n e r g y  v a l u e s .  For t h i s  r e a so n  c o n s i d e r a b l e  use  
was made o f  F r a p s 1 v a l u e s  i n  p r e p a r i n g  th e  e s t i m a t e d  n e t - e n e r g y  v a l u e s  in  
M o r r i s o n ' s  "Feed and Feed ing"  (1 1 6 ) .
M o l l g a a r d ' s  v a l u e s  g iv e  r e c o g n i t i o n  t o  the  f a c t  t h a t  th e  n e t - e n e r g y  
v a l u e s  of  feed s  a r e  h i g h e r  f o r  m i lk  p r o d u c t io n  th a n  fo r  f a t t e n i n g  an im als  
(116) .  These were th e  r e s u l t s  o f  e x t e n s i v e  r e s p i r a t i o n  s t u d i e s  w i th  d a i r y  
cows in  Denmark and p u b l i s h e d  feed  u n i t s  f o r  m i lk  p r o d u c t io n .
Measures  of  Energy
A l l  measures  o f  feed  e n e rg y ,  w i th  th e  e x c e p t i o n  o f  TDN, a r e  e x p r e s s e d  
i n  k i l o c a l o r i e s  o r  Therms. The r e l a t i o n s h i p  o f  t h e s e  measures  of  energy  to  
each o t h e r  i s  shown by Maynard and L o o s l i  (109) in  the  c h a r t  shown on th e  
fo l l o w in g  page .
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GROSS ENERGY
D ig e s te d  Energy^ t
M e ta b o l i z a b le
Energy
Nel t  
Energy
F e c a l  Energy
■Energy o f  Urine  and 
Combust ib le  Gases
Jrgy oi-Ener f  
Heat Loss
Gross  Energy
The s t a r t i n g  p o i n t  in  d e t e r m in in g  the  ene rgy  v a l u e  of  f e e d s  i s  by 
o b t a i n i n g  th e  g r o s s  e n e r g y , o r  h e a t  o f  c o m b u s t io n . Th is  i s  the  t o t a l  
e ne rgy  f u r n i s h e d  i n  a f e e d .  When a s u b s ta n c e  i s  c o m p le te ly  burned  to  i t s  
u l t i m a t e  o x i d a t i o n  p r o d u c t s ,  t h a t  i s ,  c a rbon  d i o x i d e ,  w a t e r ,  and o t h e r  
g a s e s ,  th e  h e a t  g iv en  o f f  i s  c o n s id e r e d  as  i t s  g r o s s  e n e r g y ,  o r  h e a t  of
com bus t ion .  These g r o s s  energy  v a l u e s  a r e  d e te rm in e d  by o x i d a t i o n  in  a
bomb c a l o r i m e t e r .
The g r o s s  energy  v a l u e s  o f  some pure  n u t r i e n t s  and f e e d in g  s t u f f s  
have been  c a l c u l a t e d  (1 0 9 ) .  I t  i s  no ted  t h a t  among th e  pure  n u t r i e n t s  
f a t s  have a p p ro x im a te ly  tw ice  the  energy  v a lu e s  of th e  c a r b o h y d r a t e s  and 
t h a t  t h e  p r o t e i n s  occupy an i n t e r m e d i a t e  p o s i t i o n .  The f o l l o w i n g  v a l u e s  
were d e r i v e d  by A tw a te r  and Bryan t  ( 7 ) .
C a r b o h y d r a t e s .........................4 .1 5  k c a l .  p er  gram
F a t s ............................................9 .40  k c a l .  p e r  gram
P r o t e i n ....................................... 5 .65  k c a l .  p e r  gram
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D i g e s t i b l e  Energy
D i g e s t i b l e  energy  i s  o b ta in e d  by s u b t r a c t i n g  the  h e a t  of  combust ion
of  th e  f e c e s  from th e  g ro ss  energy  of  the  f e ed .  D ig es ted  energy m easure ­
ments t ak e  i n t o  accoun t  d i g e s t i o n  l o s s e s  o n ly .  I t  can be de te rm ined  by 
measur ing  the  g ro s s  c a l o r i e s  in  feed and f e c e s ,  or  i t  can be c a l c u l a t e d  
from the  d i g e s t e d  n u t r i e n t s  by the  use o f  the  g ro ss  c a l o r i e  f a c t o r s :  c a r ­
b o h y d r a t e s ,  4 .1 5 ;  f a t ,  9 .4 0 ;  p r o t e i n ,  5 .6 5 .  S ince  t h e s e  f a c t o r s  were 
d es igned  to  app ly  to  the  ave rage  human d i e t ,  t h e i r  use w i th  animal feeds  
and r a t i o n s  canno t  be expec ted  to  g ive  as  r e l i a b l e  v a l u e s  as  a r e  o b ta in e d  
in  d i r e c t  measurements .  Data f o r  d i g e s t e d  energy  (DE) can be o b ta in e d  by 
c a l c u l a t i o n  from TDN v a lu e s  u s ing  the  f a c t o r  2000 k c a l ,  p e r  pound TDN, as  
shown in  the  r e p o r t s  on n u t r i e n t  r eq u i rem en ts  by the  N a t io n a l  Research  Com­
m i t t e e  on animal n u t r i t i o n .  The f a c t o r  2000 k c a l .  p e r  pound TDN i s  an a v e r ­
age f i g u r e  based on s t u d i e s  p r i m a r i l y  w i th  swine d a t a  by Crampton and 
a s s o c i a t e s  (32) and w i th  c a t t l e  and sheep by Sw if t  (149) .
M e ta b o l i z a b le  Energy
M e ta b o l i z a b le  energy  i s  d e f in e d  as  the  energy  of the feed  minus the
energy  l o s t  i n  the f e c e s ,  u r in e  and rumen co m b u s t ib le  g a s e s .  I t  i s  a l s b
d e f in e d  as  th e  energy  cap ab le  o f  c o n v e r s io n  i n t o  o t h e r  forms in  the  b o d y . . 
These forms r e p r e s e n t  th e  feed energy  which i s  t ransfo rm ed  i n t o  h e a t  p lu s  
body g a in  and m ilk  p r o d u c t io n .  I t  i s  r e l a t i v e l y  u n in f lu e n c e d  by e x t e r n a l  
f a c t o r s .  In  ruminants  a c o n s i d e r a b l e  volume o f  methane,  a co m b u s t ib le  
g a s ,  i s  produced by b a c t e r i a l  f e rm e n ta t i o n  in  the  rumen and exha led  i n  
r e s p i r a t i o n .  I t  has  been r e p o r t e d  by v a r i o u s  workers  (35 ,  59, 84,  109,
147) t h a t  th e  energy  l o s t  i n  co m b u s t ib le  gases  r e p r e s e n t s  about  10 pe r
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c e n t  o f  t h e  g r o s s  e n e rg y  o f  t h e  r a t i o n  and abou t  19 p e r  c e n t  o f  the  t o t a l  
h e a t  p r o d u c t io n  o f  t h e  a n im a l .
By t a k i n g  a c c o u n t  o f  a l l  th e  l o s s e s  i n  th e  u r i n e  and c o m b u s t ib le  
g a s e s  a s  w e l l  a s  t h o se  i n  th e  f e c e s ,  m e t a b o l i z a b l e  ene rgy  r e p r e s e n t s  a 
s t e p  beyond d i g e s t e d  n u t r i e n t s  or  d i g e s t e d  e n e rg y ,  as  a measure  o f  n u t r i ­
t i v e  v a l u e .  I t  i s  a b e t t e r  measure  th a n  one t h a t  c o n s i d e r s  d i g e s t i o n  
l o s s e s  o n ly .  However,  i t  f a l l s  s h o r t  o f  b e in g  th e  f i n a l  measure  because  
a p o r t i o n  o f  t h e  m e t a b o l i z a b l e  ene rgy  i s  l o s t  a s  h e a t  n o t  u s e f u l  t o  the  
body.  I t s  d e t e r m i n a t i o n  in v o l v e s  a d d i t i o n a l  s t e p s  beyond a d i g e s t i o n  
t r i a l .  The u r i n e  must  be c o l l e c t e d ,  and i t s  ene rgy  v a l u e  d e te rm in e d .
More i m p o r t a n t ,  t h e  d e t e r m i n a t i o n  o f  t h e  l o s s e s  <n co m b u s t ib le  gases  
c a l l s  f o r  th e  use  o f  a r e s p i r a t i o n  chamber.  Because of  t h e s e  l i m i t a t i o n s ,  
a c t u a l l y  d e te rm in e d  m e t a b o l i z a b l e  ene rgy  v a l u e s  a r e  a v a i l a b l e  f o r  on ly  a 
few f e e d s .  Maynard and L o o s l i  (109) r e p o r t e d  t h a t  t h e r e  a r e  many pub­
l i s h e d  f i g u r e s  t h a t  have been  c a l c u l a t e d  from d i g e s t e d  n u t r i e n t s  u s in g  
f a c t o r s  d eve loped  from e x p e r im e n t s  i n  which b o th  TDN and m e t a b o l i z a b l e  
e n e rg y  have been  d e t e r m in e d .  However, i t  i s  q u e s t i o n a b l e  w hether  or 
n o t  th e  m e t a b o l i z a b l e  en e rg y  th u s  c a l c u l a t e d  h a s  s u f f i c i e n t  r e l i a b i l i t y  
t o  make i t  a more s i g n i f i c a n t  measure  o f  u s e f u l ^ n e ^ g y  th a n  th e  TDN 
v a l u e s  on which th ey  a r e  b ased .
C l e a r l y ,  m e t a b o l i z a b l e  ene rgy  i s  a b e t t e r  measure  o f  u s e f u l  
e n e rg y  th a n  i s  th e  d i g e s t i o n  measure  above ,  b u t  w h e th e r  or  n o t  i t  i s  
s u f f i c i e n t l y  b e t t e r  th a n  d i g e s t i b l e  energy  f o r  p r a c t i c a l  p u rp o ses  t o  
j u s t i f y  th e  e s t a b l i s h m e n t  o f  f e e d  and r e q u i r e m e n t  d a t a  on t h i s  b a s i s  
rem ains  t o  be d e te rm in e d  by f u r t h e r  r e s e a r c h .  I n  t h i s  c o n n e c t i o n ,  i t s  
v a l u e  compared w i th  n e t  e n e rg y  a l s o  needs  c o n s i d e r a t i o n .  S e v e r a l  i n v e s ­
t i g a t o r s  (29 ,  59 ,  84,  151) have r e p o r t e d  m e t a b o l i z a b l e  ene rgy  t o  be a
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v e ry  s a t i s f a c t o r y  and a c c u r a t e  measure  o f  th e  n u t r i t i v e  v a l u e  o f  f e e d s .  
H a rd iso n  (59) f u r t h e r  r e p o r t e d  t h a t  b e cau se  r e l a t i v e l y  c o n s t a n t  p r o p o r ­
t i o n s  o f  m e t a b o l i z a b l e  ene rgy  a r e  p u t  i n t o  such f u n c t i o n s  as  m i lk  p ro d u c ­
t i o n ,  m ain tenance  and body g a i n s ,  th e  b e s t  p r a c t i c a l  measure  of  th e  
p r o d u c t iv e  v a l u e  o f  fo ra g e  t h a t  can be o b t a i n e d ,  w i th  f a c i l i t i e s  i n  a l l  
l a b o r a t o r i e s ,  i s  th rough  a measure  of  d i g e s t i b l e  en e rg y .
A s p e c i a l  c a se  where m e t a b o l i z a b l e  energy  p r o v id e s  a much b e t t e r  
measure t h a n  does  TDN h a s  been  r e p o r t e d  by Cook and co-w orkers  ( 2 9 ) .  I n  
t h e i r  s t u d y ,  c e r t a i n  s p e c i e s  of fo ra g e  were found to  have h ig h  g r o s s  ene rgy  
and h ig h  TDN v a l u e s  due t o  e s s e n t i a l  o i l s ,  b u t  low m e t a b o l i z a b l e  v a lu e s  
because  t h e  o i l s ,  though a b so rb e d ,  were n o t  m e t a b o l i z a b l e ,  and th u s  t h e r e  
was a l a r g e  ene rgy  lo s s  i n  th e  u r i n e .
Net Energy
The n e t  energy  sys tem  c o n c e iv e s  o f  th e  measurement of  t h a t  p o r t i o n  
o f  th e  feed  which i s  c o m p le te ly  u s e f u l  t o  the  body (1 0 9 ) .  Net e n e rg y ,  
a c c o r d in g  t o  t h i s  c o n c e p t ,  i s  t h a t  p o r t i o n  of  th e  i n g e s t e d  ene rgy  which 
a c t u a l l y  i s  produced as  a p r o d u c t ,  t h a t  i s ,  m i lk ,  m ea t ,  o r  work. Theo­
r e t i c a l l y ,  one Therm o f  n e t  ene rgy  in  feed  c o r re s p o n d s  t o  one Therm of 
energy  a c t u a l l y  produced i n  the  form of  m i lk  or m ea t .  On t h i s  b a s i s  i t  
r e p r e s e n t s  a more n e a r l y  e x a c t  measure  o f  the  u s e f u l n e s s  of  f eed  than  
any o f  the  o t h e r s ,  which f a i l  t o  acco u n t  fo r  one o r  more o f  the  l o s s e s  
always i n v o lv e d .
Net ene rgy  i s  t h e o r e t i c a l l y  th e  b e s t  method f o r  e v a l u a t i n g  feed 
s in c e  i t  t a k e s  i n t o  a c c o u n t  a l l  ene rgy  l o s s e s  (1 4 7 ) .  However, h e a t  i n c r e ­
ment which i s  measured by t h i s  method may no t  be a l o s s .  Net energy  i s  
e x p en s iv e  t o  de te rm in e  because  an an im al  c a l o r i m e t e r  i s  needed .  I t  i s  
im p o r ta n t  i n  th e  ruminant  t o  measure h e a t  p r o d u c t io n  in  a p o s t - a b s o r p t i v e
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c o n d i t i o n .  This  i s  n o t  s c i e n t i f i c a l l y  p o s s i b l e  s i n c e  rumen a c t i v i t y  i s  
e s s e n t i a l  t o  normal f u n c t i o n .
Heat  Increm ent  - Maynard and L o o s l i  (109) f u r t h e r  s t a t e d  t h a t  the  
d i s t i n g u i s h i n g  f e a t u r e  o f  t h e  n e t  ene rgy  system i s  an a c c o u n t in g  f o r  the  
l o s s  as  h e a t  inc rem en t  o f  t h a t  p o r t i o n  o f  th e  m e t a b o l i z a b l e  ene rgy  which 
i s  n o t  c o n v e r t e d  i n t o  body s u b s ta n c e  or  p r o d u c t .  In  t h e  case  o f  rumi­
n a n t s ,  15 t o  30 p e r  c e n t  o f  th e  g r o s s  energy  a p p ea r s  as  h e a t .  This  
r e p r e s e n t s  a l o s s  of 35 t o  50 pe r  c e n t  o r  more o f  the  m e t a b o l i z a b l e  
e n e rg y ,  i n d i c a t i n g  t h a t  the  l a t t e r  i s  a v e r y  in com ple te  measure  o f  energy  
a c t u a l l y  u t i l i z e d .  The p e r c e n ta g e  o f  h e a t  thus  l o s t  i s  g r e a t e r  t o r  rough­
ages  th an  f o r  c o n c e n t r a t e s ,  which i s  an im p o r t a n t  r e a so n  why TDN measure 
o v e r - e v a l u a t e s  roughages  f o r  p r o d u c t iv e  p u r p o s e s .
Dubois (39) d i s c u s s e d  an im p o r ta n t  a s p e c t  o f  n u t r i t i o n ,  which he 
r e f e r r e d  t o  a s  " th e  n e g l e c t e d  f i e l d  o f  h e a t  l o s s . "  The l o s s ,  a l s o  
r e f e r r e d  to  a s  " h e a t  i n c r e m e n t , "  r e f l e c t s  th e  w as tage  o f  food ene rgy  in  
the  co u r se  o f  i t s  m e tab o l i sm .  Heat  in c rem en t  r e s u l t s  i n  a s i g n i f i c a n t  
l o s s  o f  t h e  i n g e s t e d  e n e r g y ,  the  e x t e n t  o f  which i s  i n f l u e n c e d  by v a r i o u s  
f a c t o r s .  Armstrong and B l a x t e r  (5) s t u d i e d  th e  v a r y i n g  n a t u r e  o f  m i c r o ­
b i a l  p r o c e s s  i n  t h e  rumen as  an im p o r t a n t  v a r i a b l e  in  th e  l o s s  a s  h e a t  
in c re m e n t .  The h e a t  produced from the  f e r m e n t a t i o n  p r o c e s s  i t s e l f  has  
been  found to  range  from 1 .5  t o  11 p e r  c e n t  of  th e  g r o s s  ene rgy  of  
mixed r a t i o n s .
Forbes  and S w if t  (45)  showed t h a t  th e  h e a t  o f  a r a t i o n  i s  n o t  
n e c e s s a r i l y  th e  sum o f  th e  v a l u e s  o f  i t s  feed  components .  The r e l a t i v e  
p r o p o r t i o n  in  which th e  v a r i o u s  n u t r i e n t s  a r e  p r e s e n t  i n  a r a t i o n  i n f l u ­
ences  th e  p e r c e n ta g e  o f  th e  g r o s s  o r  m e t a b o l i z a b l e  c a l o r i e s  t h a t  a r e  
l o s t  as  h e a t  in c re m e n t .  For example,  Forbes  and S w if t  (45) found t h a t
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th e  s u b s t i t u t i o n  o f  f a t  f o r  c a r b o h y d r a t e s  i n  a d i e t  can  r e s u l t  i n  a more 
economical  use  o f  t h e  ene rgy  fed because  o f  th e  l e s s e r  amount o f  energy  
d i s s i p a t e d  as  h e a t .  There  i s  e v id en ce  t h a t  o t h e r  f a c t o r s  b e in g  e q u a l ,  i f  
th e  r a t i o n  i s  unba lanced  w i t h  r e s p e c t  to  any n u t r i e n t  i n  terms o f  p h y s io ­
l o g i c a l  n e e d s ,  th e  w as tage  o f  h e a t  t e n d s  to  be g r e a t e r  a c c o r d i n g l y .  The 
p e r c e n t a g e  o f  t o t a l  p r o t e i n  i n  the  r a t i o n  has  a d e f i n i t e  e f f e c t  on h e a t
l o s s .  The d e c r e a s e d  h e a t  l o s s e s  w i th  i n c r e a s i n g  p r o t e i n  l e v e l  had the
p r a c t i c a l  e f f e c t  o f  i n c r e a s i n g  the  n e t - e n e r g y  v a l u e .
The v a r i a t i o n s  i n  h e a t  inc rem en t  r e s u l t i n g  from v a r i o u s  f a c t o r s  
e x p l a i n  why the  same i n t a k e  o f  t o t a l  d i g e s t i b l e  n u t r i e n t s  or  m e t a b o l i z a b l e  
energy  can  produce d i f f e r e n t  r e s u l t s  in  te rms of  an im al  pe r fo rm ance  i n  d i f ­
f e r e n t  f e e d in g  o p e r a t i o n s .  J u s t  how a g i v e n  co m b in a t io n  o f  foods  may 
a f f e c t  t h e  h e a t  l o s s  c an n o t  be p r e d i c t e d .  These v a r i a t i o n s  a l s o  have an 
im p o r ta n t  b e a r i n g  on the  p r a c t i c a l  u s e f u l n e s s  o f  the  n e t  en e rg y  sys tem  as  
a measure  o f  food e n e rg y .
T o t a l  D i g e s t i b l e  N u t r i e n t s  (TDN)
T o t a l  d i g e s t i b l e  n u t r i e n t s  (TDN) has  been  used as  a g e n e r a l  measure
of t h e  n u t r i t i v e  v a lu e  o f  a f e e d .  D i g e s t i o n  c o e f f i c i e n t s  a r e  used to  com­
p u te  i t s  TDN c o n t e n t .  The c o m p o s i t io n  o f  th e  f e e d ,  i . e . ,  c ru d e  p r o t e i n ,  
c rude  f i b e r ,  n i t r o g e n - f r e e  e x t r a c t ,  and e t h e r - e x t r a c t  as  d e te rm in e d  by 
chem ica l  a n a l y s i s  i s  m u l t i p l i e d  by th e  d i g e s t i o n  c o e f f i c i e n t s  t o  o b t a i n  
d i g e s t i b l e  n u t r i e n t s .  The c o e f f i c i e n t  o f  d i g e s t i b l e  f a t  i s  m u l t i p l i e d  by 
th e  f a c t o r  2 .25  b e c au se  i t  h a s  t h a t  much more ene rgy  v a l u e  t h a n  th e  o t h e r  
n u t r i e n t s .  D i g e s t i o n  t r i a l s  have p r o v id e d  d a t a  f o r  t h e  c a l c u l a t i o n  o f  
a v e rag e  d i g e s t i o n  c o e f f i c i e n t s  f o r  p r o t e i n ,  f a t ,  and c a r b o h y d r a t e s  i n  the  
v a r i o u s  f e e d s  and th u s  i n  t u r n  f o r  th e  c a l c u l a t i o n  of  t h e i r  TDN c o n t e n t .  
Such d a t a  have  been  compiled  by M o rr i so n  (116) and S c h n e id e r  (1 3 6 ) .
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A number o f  i n v e s t i g a t o r s  (97 ,  107, 130, 149, 150) have q u e s t i o n e d  
the  a c c u ra c y  o f  th e  measure  o f  u s e f u l  ene rgy  a r r i v e d  a t  in  th e  d e t e r m i n a ­
t i o n  o f  TDN. Kane (84) c la im ed  t h a t  th e  TDN sys tem  o v e r - e v a l u a t e s  th e  
n u t r i t i v e  energy  of  f o r a g e s .  S c h n e id e r  e_t _al. (135) have made a most com­
p r e h e n s iv e  approach  to  u t i l i z i n g  in f o r m a t i o n  g a in e d  by p ro x im a te  a n a l y s i s  
by d e r i v i n g  p r e d i c t i o n  e q u a t i o n s  f o r  v a r i o u s  c l a s s e s  o f  f o r a g e s .  These 
e q u a t i o n s  were m u l t i p l e  r e g r e s s i o n s  i n v o lv in g  the  o r g a n i c  p o r t i o n s  of  
the  f e e d s t u f f s  and based  on e x t r em e ly  l a r g e  numbers o f  a n a l y s e s .  From 
t h e s e  e q u a t i o n s  one cou ld  p r e d i c t  the  d i g e s t i b i l i t y  of  a g iv en  feed 
sample p ro v id e d  he cou ld  v a l i d l y  c a t e g o r i z e  th e  p a r t i c u l a r  f eed  sample .  
S ch n e id e r  (134) a l s o  p o in t e d  c u t  t h a t  TDN la c k s  in  s c i e n t i f i c  co n c e p t  and 
n u t r i t i o n  t h e o r y  as  compared w i th  o t h e r  m easures  o f  n u t r i t i v e  e n e rg y .  One 
o f  h i s  main c r i t i c i s m  was th e  number of  ch em ic a l  a n a l y s e s  r e q u i r e d  and the  
in a c c u r a c y  of  th e  methods e s p e c i a l l y  t h a t  of  d e t e r m in i n g  th e  c a r b o h y d r a t e s  
p o r t i o n s .
D i g e s t i b l e  Energy Versus  TDN
A pparen t  d i g e s t i b l e  e n e r g y , a c a l o r i c  measurem ent ,  i s  the  most 
r e c e n t  a d d i t i o n  to  th e  feed  e v a l u a t i o n  methods i n  t h i s  c o u n t r y .  I t  i s  
somewhat s i m i l a r  to  th e  t o t a l  d i g e s t i b l e  n u t r i e n t  (TDN) method i n  t h a t  i t  
does n o t  t a k e  i n t o  acc o u n t  the  l o s s e s  i n  the  u r i n e  and c o m b u s t ib le  g a s e s .  
However, i t  i s  d i f f i c u l t  t o  u n d e r s t a n d  why d i g e s t i b l e  e n e rg y  h a s  n o t  been  
ad op ted  i n  f a v o r  o f  TDN s i n c e  i t  i s  s im p le r  t o  d e t e r m in e  and i s  a more 
d i r e c t  measure  of  t h e  d i s a p p e a r a n c e  o f  t h e  o r g a n ic  n u t r i e n t s  p r e s e n t  i n  
a f e e d s t u f f  as  i t  p a s s e s  th rough  th e  d i g e s t i v e  t r a c t  o f  th e  rum inan t  (1 4 7 ) .
Achacoso (1) p o i n t e d  ou t  t h a t  s i n c e  a m ajo r  f u n c t i o n  o f  f e e d s t u f f s ,  
e s p e c i a l l y  c a r b o h y d r a t e s ,  i s  t o  f u r n i s h  e n e r g y ,  i t  i s  l o g i c a l  t o  concen ­
t r a t e  a t t e n t i o n  on d i g e s t i b l e  energy  w i t h o u t  r e g a r d  as  t o  w h e th e r  i t
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o r i g i n a t e s  from s t a r c h ,  c e l l u l o s e  or  crude  f i b e r .  The d e t e r m in a t i o n  o f  
d i g e s t i b l e  energy i s  one of  the  most a c c u r a t e  a n a ly s e s  performed in  the  
l a b o r a t o r y  and i s  a v a l u a b l e  and d i r e c t  method of d e te rm in in g  d i g e s t i b i l ­
i t y  of  f e e d s t u f f .  I t  i s  more a c c u r a t e  th an  TDN and s e rv e s  the  same p u r ­
pose ( 1 ) .
Overman and Gaines (120) advoca ted  the  use of d i g e s t i b l e  energy  
in  p la c e  o f  the  i n d i r e c t  TDN p rocedure  some 30 y e a r s  ago.  F avorab le  
r e p l i e s  were r e c e iv e d  by Sw if t  (149) from prominent  workers  in  the  f i e l d  
on h i s  s u g g e s t io n  o f  the  a d o p t io n  o f  d i g e s t i b l e  energy  in  p la c e  o f  TDN. 
S w if t  (150) a l s o  r e p o r t e d  t h a t  the  N o r th e a s t  Reg iona l  T e c h n ic a l  Committee 
had adop ted  d i g e s t i b l e  energy  as the  common y a r d s t i c k  in  comparing th e  
n u t r i t i v e  v a lu e  o f  f o r a g e s .
Of a l l  th e  measures  o f  food energy ,  d i g e s t i b l e  n u t r i e n t s  a r e  th e  
e a s i e s t  to  compute.  This  l a r g e l y  acco u n ts  f o r  the  f a c t  t h a t  d i g e s t i o n  
c o e f f i c i e n t s  a r e  a v a i l a b l e  f o r  a l l  o f  the  common f e e d s .  This  i s  impor­
t a n t  from th e  s t a n d p o i n t  of  t h e i r  u s e f u l n e s s  i n  p r a c t i c e .  As p o in t e d  
ou t  e a r l i e r ,  th e  l i m i t a t i o n  of  TDN as a measure  of  food energy  i s  t h a t  
i t  does n o t  t a k e  i n t o  accoun t  l o s s e s  th rough  co m b u s t ib le  g ases  and h e a t  
l o s s .  The h e a t  l o s s e s  a r e  of  c o n s i d e r a b l e  im portance  and r e l a t i v e l y  
l a r g e r  f o r  roughages  th an  c o n c e n t r a t e s .  A pound of  TDN In roughage 
has c o n s i d e r a b l y  l e s s  v a lu e  f o r  p r o d u c t iv e  purpose th an  a pound in  
c o n c e n t r a t e s  (1 0 9 ) .  Moore and A s s o c i a t e s  (114) r e p o r t e d  th e  fo l lo w in g  
approx im ate  r e l a t i o n s h i p  between TDN and n e t  energy :
1 pound TDN In c o rn  -  1 Therm n e t  energy
1 pound TDN in  b e t t e r  hays  -  0 .75 Therm n e t  energy
1 pound TDN in  poor roughage * 0 .5  Therm n e t  energy
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Thus, as  the  roughage component o f  the  r a t i o n ,  e s p e c i a l l y  low-grade  
roughage ,  i s  s u b s t i t u t e d  f o r  g r a i n ,  th e  p r o d u c t i v e  v a lu e  drops  when th e  
s u b s t i t u t i o n  i s  made on a TDN b a s i s .  The r e c o g n i t i o n  o f  t h i s  l i m i t a t i o n  o l  
t h e  TDN measure  c o n s t i t u t e s  an im p o r ta n t  r e a s o n  why a c t i v e  c o n s i d e r a t i o n  i s  
b e in g  g iv en  to  o t h e r  measures  which acco u n t  f o r  a d d i t i o n a l  l o s s e s ,  e s p e c i ­
a l l y  th e  h e a t  l o s s .  Stone (147) s t a t e d  t h a t  TDN i s  n o t  s c i e n t i f i c a l l y  
a c c u r a t e  s i n c e  t h e  v a l u e s  a r e  a r r i v e d  a t  by e m p i r i c a l  a n a l y t i c a l  p r o c e d u r e s ,  
commonly r e f e r r e d  to  as  p rox im ate  a n a l y s i s .
L o fg ren  (97) and S w i f t  (149,  150) were of  th e  o p in io n  t h a t  the  
p r a c t i c a l  p ro c e d u re  t o  overcome t h e s e  u n c e r t a i n t i e s  o f  TDN v a l u e s  was to  
d e te rm in e  th e  g r o s s  ene rgy  c o n t e n t  of  t h e  feed  and f e c e s  by means of  a 
bomb c a l o r i m e t e r  and t o  e x p r e s s  th e  d i f f e r e n c e  between the  two v a l u e s  as  
d i g e s t i b l e  e n e rg y .  Lo fg ren  (97) p r e s e n t e d  a p ro ce d u re  f o r  c a l c u l a t i n g  
TDN v a l u e s  by th e  c a l o r i m e t r i c  method,  which i s  as  f o l l o w s :  a . )  d e t e r ­
mine m o i s t u r e ,  a s h ,  e t h e r - e x t r a c t , and ene rgy  i n  the  f e e d ;  b . )  d e te rm in e  
m o i s t u r e  and ene rgy  in  t h e  f e c e s ;  c . )  c a l c u l a t e  p e r  c e n t  g ro ss  energy  
which i s  d i g e s t e d ;  d . )  c a l c u l a t e  th e  c o n v e r s i o n  f a c t o r  (F) by th e  f o l ­
lowing fo rm ula  (A), where O.M. ■ p e r  c e n t  o r g a n i c  m a t t e r  i n  the  feed  and 
E. E. ■ p e r  c e n t  e t h e r - e x t r a c t  i n  t h e  o r g a n ic  m a t t e r :
, . _ O.M. 100 (E .E .  X 2 .25 )  - E.E.
0 0  F -  100 x ---------  155 --------------
e . )  m u l t i p l y  t h e  p e r c e n t a g e  o f  d i g e s t i b l e  energy  by th e  c o n v e r s io n  f a c ­
t o r  (F) t o  o b t a i n  t h e  v a l u e  comparab le  t o  TDN. This  p ro c e d u re  was p r e ­
s e n t e d  by L o fg ren  (97) because  he f e l t  t h a t  th e  TDN v a l u e s  c a l c u l a t e d  by 
th e  c a l o r i m e t r i c  method r e s u l t e d  i n  a more a c c u r a t e  e s t i m a t i o n  of  ene rgy  
v a lu e  o f  a f eed  o r  r a t i o n  th an  th e  c o n v e n t i o n a l  method,  and because  the  
bomb c a l o r i m e t e r  gave th e  v a r i o u s  n u t r i e n t s  t h e i r  p r o p e r  h e a t  com bust ion  
v a l u e s .
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Crampton and Lloyd (35) r e p o r t e d  t h a t  th e  n e t  ene rgy  sys tem  has  
n o t  been ac c e p te d  as  g e n e r a l l y  in  Nor th America as  has  the  t o t a l  d i g e s t i b l e  
n u t r i e n t  scheme, a l th o u g h  s in c e  about  1950 t h e r e  has  been a t r e n d  toward th e  
use o f  d i g e s t i b l e  energy  e x p re s s e d  as c a l o r i e s  or Therms in  p l a c e  of  TDN. 
C onvers ion  from one te rm to  a n o t h e r  can be made when d e s i r a b l e .  With the  
more common use o f  bomb c a l o r i m e t e r s  i t  seems p r o b a b le  t h a t  t h e  energy  
v a l u e s  o f  an imal  feed s  and the  f e e d in g  s t a n d a r d s  t h a t  d e s c r i b e  the  energy  
r e q u i r e m e n t s  of  an im als  w i l l  be i n c r e a s i n g l y  e x p r e s s e d  i n  c a l o r i e s  o r  
Therms.
E s t im a te d  Net Energy (ENE)
A method o f  e s t i m a t i n g  n e t  energy  v a l u e s  from f e e d in g  t r i a l s  u s in g  
c o rn  as  t h e  base  was p r e s e n t e d  by M orr i son  (116) i n  1937. E s t im a te d  n e t  
e ne rgy  (ENE) v a l u e s  f o r  long l i s t s  o f  f e e d s ,  a c c o r d in g  t o  M o rr i so n  (1 1 6 ) ,  
a r e  based  on a s tu d y  o f  a l l  a v a i l a b l e  d a t a  on th e  r e l a t i v e  p r o d u c t i v e  
v a l u e  o f  feed s  w i th  c h i e f  r e l i a n c e  p la c e d  on r e s u l t s  o f  h undreds  o f  f e e d in g  
t r i a l s  conduc ted  by ex p e r im en t  s t a t i o n s  comparing th e  v a l u e s  o f  d i f f e r e n t  
f e e d s .  These e s t i m a t e d  n e t  energy  v a l u e s  a r e  p r e s e n t e d  i n  Appendix I I  o f  
M o r r i s o n ' s  "Feeds and F eed in g "  (1 1 6 ) .  While M o rr i so n  a d m i t t e d  t h a t  ju d g ­
ment was used i n  computing ENE v a l u e s ,  and t h a t  ENE v a l u e s  a r e  on ly  
a p p rox im a te  and s u b j e c t  t o  r e v i s i o n  as  a d d i t i o n a l  d a t a  become a v a i l a b l e ,  
he b e l i e v e d  i t  p o s s i b l e  t o  e v a l u a t e  th e  most  i m p o r t a n t  f eed s  more c o r ­
r e c t l y  on an e s t i m a t e d  n e t  ene rgy  b a s i s  t h a n  by TDN.
Kane (84) r e p o r t e d  on s e v e r a l  p r o c e d u re s  f o r  c o n v e r t i n g  TDN i n t o  
e s t i m a t e d  n e t  e n e rg y .  I n  K ane 's  s t u d y ,  r e g r e s s i o n  e q u a t i o n s  o f  ENE on 
TDN f o r  s i x  c l a s s e s  o f  f e e d s ,  as  w e l l  a s  a g e n e r a l  e q u a t i o n  f o r  th e  com­
b ined  c l a s s e s ,  were computed.  A l l  s i x  feed  c l a s s  r e g r e s s i o n  c o e f f i c i e n t s
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were found to  d i f f e r  s i g n i f i c a n t l y  from the  g e n e r a l  r e g r e s s i o n  c o e f f i c i e n t .  
The f eed  c l a s s e s ,  e x c e p t  s i l a g e ,  a p p a r e n t l y  had s i m i l a r  s lo p e s  f o r  t h e i r  
ENE t o  TDN r e l a t i o n s h i p s ,  and th e  r e a s o n  why the  g e n e r a l  r e g r e s s i o n  l i n e  
was s i g n i f i c a n t l y  d i f f e r e n t  was because  the  feed  c l a s s e s  o p e r a t e d  a t  d i f ­
f e r e n t  l e v e l s  of  e n e rg y .  I n  c o n v e r t i n g  TDN to  ENE v a l u e s  by u s in g  M o r r i ­
s o n ' s  d a t a ,  Kane a l s o  r e p o r t e d  t h a t  th e  a p p r o p r i a t e  feed  c l a s s  r e g r e s s i o n  
a p p e a r s  t o  be more a c c u r a t e  th a n  a g e n e r a l  r e g r e s s i o n .
S e v e r a l  p l a n s  f o r  c o n v e r t i n g  TDN i n t o  ENE have been p roposed .  
H e c k e r ' s  (58) s t a n d a r d  and M o r r i s o n ' s  (116) t a b l e  of  r e q u i r e m e n t s ,  as 
r e p o r t e d  by B l a x t e r  ( 1 5 ) ,  gave a v a lu e  o f  1 .870 Therms n e t  ene rgy  p e r  
k i lo g ra m  TDN. Moore e£ £ l .  (114) deve loped  a g e n e r a l  r e g r e s s i o n  e q u a t i o n  
o f  th e  ENE/TDN r e l a t i o n s h i p  f o r  a l l  c l a s s e s  of  f e e d s .  This  e q u a t i o n  was 
Y ■ - 3 4 .6 3  + 1.393X; where Y ■ ENE and X ■ TDN. The combined e q u a t i o n  
o f  Kane (84) was Y ■ - 3 1 .4 8  + 1.346 X. These a u t h o r s  s t a t e d  t h a t  w h i l e  
th e  use  o f  a r e g r e s s i o n  e q u a t i o n  to  c a l c u l a t e  th e  energy  v a lu e  o f  a s p e ­
c i f i c  feed  was open to  q u e s t i o n ,  th e  r e g r e s s i o n  o f  ENE on TDN o f f e r e d  a 
means o f  a p p ro x im a t io n  and m ight  s e rv e  as  a g u ide  t o  e s t a b l i s h i n g  more 
a c c u r a t e  p r o d u c t i v e  v a l u e s .
E s t im a te d  Net Energy Versus  TDN
L o o s l i  e t  a_l. (98) conduc ted  doub le  r e v e r s a l  t r i a l s  comparing th e  
rep lac em en t  o f  f o r a g e  w i th  c o n c e n t r a t e  on a TDN b a s i s  and on an e s t i m a t e d  
n e t  e n e rg y  (ENE) b a s i s .  An av e ra g e  o f  t h e  d a t a  from a l l  t r i a l s  showed 
t h a t  the  cows produced 2 .5  pounds more FCM p e r  head p e r  day when 6 .8  
pounds o f  c o n c e n t r a t e s  r e p l a c e d  10.2  pounds of  hay c o n t a i n i n g  a lm os t  
e q u a l  TDN b u t  more ENE.
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In  a n o th e r  s tu d y  Davis e£  a l .  (36) showed t h a t  m i lk  p r o d u c t io n  
i n c r e a s e d  when p a r t  o f  the  TDN from hay was r e p l a c e d  by an eq u a l  p a r t  
o f  TDN from g r a i n .  They a l s o  s tu d i e d  the  e f f e c t  of  r e p l a c i n g  p a r t  of  
a legume hay r a t i o n  w i th  40 pounds o f  w e l l - e a r e d  co rn  s i l a g e  on an equal  
TDN b a s i s  which a l s o  i n c r e a s e d  th e  p r o d u c t io n  of FCM. These w orkers  con­
c luded  from t h e s e  r e s u l t s  t h a t  the  TDN system o v e r - e s t i m a t e s  the v a lu e  
o f  fo ra g e s  as compared w i th  c o n c e n t r a t e s .  In  summarizing f e e d in g  t r i a l  
d a t a  from f a t t e n i n g  c a t t l e  and f o r  m i lk  p r o d u c t io n ,  M orr ison  (116) 
found t h a t  the  TDN sys tem  o v e r - e s t i m a t e d  the  p r o d u c t iv e  v a lu e  of  f o r ­
a g e s ,  w i th  the  d i f f e r e n c e  becoming g r e a t e r  in  p o o r e r  q u a l i t y  f o r a g e s .
Bloom e£  £ l .  (18) conducted  ex p e r im en ts  on each of  f o u r  energy  
r a t i o s  o f  hay to  c o n c e n t r a t e  (75 : 25; 55 : 45; 35 : 65; and 15 : 8 5 ) .  
Milk p r o d u c t io n  and ene rgy  in p u t s  ( e x p re s se d  as  Therms above m a in tenance )  
were p l o t t e d  over  a 26-week t ime p e r i o d .  Each pound of  FCM was e x p re sse d  
in  terms o f  i t s  energy  c o n t e n t  (0 .3  Therms) so t h a t  the  g raphs  f o r  FCM 
and feed  in pu t  were d i r e c t l y  com parab le .  These d a t a  i n d i c a t e d  t h a t ,  on 
th e  b a s i s  of  the  fo u r  r a t i o s  o f  hay to  c o n c e n t r a t e ,  m i lk  p r o d u c t io n
c l o s e l y  fo l lowed  th e  ENE i n p u t s  o f  feed  above m ain tenance  r e q u i r e m e n t s .
These workers  a l s o  r e p o r t e d  t h a t  r e g a r d l e s s  of th e  r a t i o  o f  c o n c e n t r a t e s  
to  hay f e d ,  t h a t  the  i n h e r e n t  a b i l i t y  of  cows to  produce m i lk  was more
s i g n i f i c a n t  th an  the  i n t e n s i t y  of  f e e d in g .
Smith et '  a l .  (142) fed a l f a l f a  hay w i t h o u t  c o n c e n t r a t e s  t o  f i v e  
H o l s t e i n  cows f o r  p e r i o d s  of  t h r e e  t o  n in e  weeks which was fo l lo w ed  by 
a p e r io d  of  28 days i n  which 5 t o  10 pounds o f  hay were r e p l a c e d  w i th  
c o n c e n t r a t e s .  This  p rocedure  in  t u r n  was fo l low ed  by a n o th e r  p e r i o d  
of  t h r e e  t o  n in e  weeks of  hay o n ly .  This  p a t t e r n  o f  f e e d in g  was
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fo l low ed  th ro u g h o u t  the  l a c t a t i o n  and t o t a l  d i g e s t i b l e  n u t r i e n t  i n t a k e  
was h e l d  c o n s t a n t  d u r in g  a l l  p e r i o d s .  This  s tu d y  showed t h a t  when hay 
a lo n e  was f e d ,  m i lk  p r o d u c t io n  was 84 .5  p e r  c e n t  o f  the  p r e v io u s  p e r i o d .  
When c o n c e n t r a t e s  r e p l a c e d  p a r t  of  the  hay ,  m i lk  p r o d u c t io n  was 96 .2  per  
c e n t .  These workers  conc luded  t h a t  the  r a t i o n s  on a n e t  energy  b a s i s  
r e s u l t e d  i n  m i lk  y i e l d s  o f  ap p ro x im a te ly  100 p e r  c e n t  of expec ted  y i e l d s .  
In  a n o th e r  s tudy  I r v i n  e t  £ l .  (78) fed  a l f a l f a  hay a lo n e  and hay p lu s  
c o n c e n t r a t e  t o  observe  th e  e f f e c t s  of  such r a t i o n s  upon m ilk  p r o d u c t io n .  
This  s tudy  was on an ENE b a s i s  v e r s u s  TDN Cows were fed hay a lone  u n t i l  
m i lk  p r o d u c t io n  and body w e igh t  had d e c l i n e d  to  a l e v e l i n g  o f f  p o i n t .  
C a l c u l a t i o n  of  the  r a t i o n  a t  t h i s  p o i n t  on ENE b a s i s  showed t h a t  cows 
were p roduc ing  as  would be e x p e c te d .  R e s u l t s  of  t h i s  work f u r t h e r  
i l l u s t r a t e d  t h a t  when p a r t  o f  the  hay was r e p l a c e d  by a c o n c e n t r a t e ,  
such as  c o rn ,  on a n e t  ene rgy  b a s i s ,  no s i g n i f i c a n t  i n c r e a s e  i n  m i lk  
p r o d u c t io n  was o b t a i n e d .
S a a r in e n  a l .  (131) s t u d i e d  the  adequacy o f  an a l l - a l f a l f a  hay 
r a t i o n  f o r  m i lk  p r o d u c t io n .  E igh t  cows in  e a r l y  s t a g e s  o f  l a c t a t i o n  
were fed on the  b a s i s  o f  M o r r i s o n ' s  n e t  energy  r e q u i r e m e n t ,  u s in g  the  
upper  l i m i t s  f o r  bo th  m ain tenance  and m ilk  p r o d u c t i o n .  The in c r e a s e s  
o r  d e c r e a s e s  in  the  n e t  ene rgy  c o n te n t  o f  th e  r a t i o n s  were c a l c u l a t e d  
and e x p re s s ed  as the  ex p e c te d  change in  m i lk  y i e l d ,  assuming t h a t  one 
pound o f  4 p e r  c e n t  FCM i s  e q u i v a l e n t  t o  0 .3  Therm. Milk p r o d u c t io n  
changes  p a r a l l e l e d  the  n e t  energy  changes  so c l o s e l y  t h a t  th e  v a r i a ­
t i o n s  in  the  n e t  energy  i n t a k e  cou ld  acc o u n t  f o r  a l l  the  v a r i a t i o n s  
found in  m ilk  y i e l d .  M ar t in  e_t a_l. (105) s t u d i e d  th e  e f f e c t s  o f  v a r y ­
ing r a t e s  o f  hay f e e d in g  on l e v e l  o f  m i lk  p r o d u c t i o n .  R a tes  o f  hay
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f e e d i n g  were e s t a b l i s h e d  a t  0 . 5 0 ,  1 .1 7 ,  1 .8 3 ,  and 2 .50  pounds o f  hay 
d a l l y  p e r  100 pounds body w e i g h t .  Data from t h i s  s tu d y  showed no s i g ­
n i f i c a n t  e f f e c t  o f  l e v e l  o f  hay f e e d i n g  on m i lk  p r o d u c t io n  i f  TDN o r  
ENE was h e l d  c o n s t a n t .  TDN a v a i l a b l e  f o r  m i lk  p r o d u c t i o n  was h i g h l y  
c o r r e l a t e d  w i th  m i lk  p r o d u c t i o n  ( c o e f f i c i e n t  of  c o r r e l a t i o n  0 . 9 4 1 ) .
ENE a v a i l a b l e  f o r  m i lk  p r o d u c t i o n  had a c o e f f i c i e n t  of  c o r r e l a t i o n  of 
0 .9 4 2  w i th  m i lk  p r o d u c t i o n .
Milk  P r o d u c t i o n  Responses  t o  V ar ious  
Sources  o f  Feed Energy
E f f e c t  o f  D i f f e r e n t  R a t i o s  o f  Forage  to  C o n c e n t r a t e
The d a i r y  f a rm er  i s  c o n f r o n t e d  w i t h  the  problem of  d e t e r m in in g  
th e  f o r a g e - t o - g r a i n  r a t i o  and th e  f o r a g e  and g r a i n  p r o d u c t io n  sys tem ,  
a s  w e l l  as  t h e  p r o d u c t i o n  r a t e  p e r  cow, t h a t  w i l l  maximize r e t u r n s  t o  
h i s  f i x e d  r e s o u r c e s .  Reynolds  and K l in e  (128) r e p o r t e d  on a p r o j e c t  
t o  d e t e r m in e  th e  b e s t  p r o f i t  l e v e l  o f  p r o d u c t i o n  among d a i r y  farms in  
V i r g i n i a .  They found an optimum f o r a g e - t o - g r a i n  f e e d in g  r a t i o  f o r  th e
9 ,000  pounds m i lk  p r o d u c t i o n  r a t e  p e r  cow to  be 35 p e r  c e n t  of  th e  
e s t i m a t e d  n e t  ene rgy  (ENE) from f o r a g e  to  65 p e r  c e n t  o f  th e  ENE from 
g r a i n  when m i lk  was s o ld  a t  $5 .73 p e r  h u n d re d w e ig h t .  The optimum 
f o r a g e - t o - g r a i n  r a t i o  f o r  p ro d u c in g  11,000 pounds o f  m i lk  p e r  cow was 
43 p e r  c e n t  fo ra g e  ENE t o  57 p e r  c e n t  g r a i n  ENE. For  t h e  13,000
pounds o f  m i lk  p r o d u c t i o n  p e r  cow, 38 p e r  c e n t  fo ra g e  ENE t o  62 pe r
c e n t  g r a i n  ENE was an  optimum fo ra g e  to  g r a i n  f e e d i n g  r a t i o .
The f e e d in g  o f  u n l i m i t e d  q u a n t i t i e s  o f  f o r a g e s  a s  b e i n g  th e  most
econom ica l  way t o  feed  d a i r y  cows has  been s e r i o u s l y  q u e s t i o n e d  in  
r e c e n t  y e a r s .  Some r e s e a r c h  w orke rs  (64 ,  68) have  produced s p e c t a c u l a r
24
i n c r e a s e s  i n  p r o d u c t i o n  by r e s t r i c t i n g  fo ra g e  i n t a k e  and a l l o w in g  h ig h  
p ro d u c in g  cows t o  e a t  bu lky  c o n c e n t r a t e  r a t i o n s  f r e e - c h o i c e .  F o sg a te  
(47) r e p o r t e d  on a  s tu d y  co n d u c ted  i n  Georg ia  i n  which i t  was found 
t h a t  d i f f e r e n c e s  i n  th e  amount of  c o n c e n t r a t e s  fed  accoun ted  f o r  abou t  
41 p e r  c e n t  of  t h e  be tween h e r d  d i f f e r e n c e s  i n  m i lk  p r o d u c t i o n .  S ince  
f e e d in g  s t a n d a r d s ,  based  on H a e k e r ' s  (58) work,  were f i r s t  p u b l i s h e d ,  
f e e d in g  programs have been  t i e d  t o  d i g e s t i b l e  d ry  m a t t e r  (DDM) i n t a k e  
and to  t o t a l  d i g e s t i b l e  n u t r i e n t  (TDN) i n t a k e  r a t h e r  than  t o  animal  
r e s p o n s e .  These a r e  m easures  of  the  chem ica l  and p h y s i c a l  co m p o s i t io n  
o f  th e  f e e d s t u f f s  and a r e  on ly  i n d i r e c t l y  r e l a t e d  t o  the  p h y s i o l o g i c a l  
r e sp o n s e  o f  a n im a ls  ( 7 9 ) .  F o sg a te  (47) s t a t e d  t h a t  most f e e d in g  s t u d ­
i e s  have been  concerned  w i th  t h e  r a t i o  o f  f o r a g e  to  c o n c e n t r a t e s  and 
t h e i r  r e s u l t i n g  i n t e r a c t i o n s  w i th  r e g a r d  t o  t o t a l  dry  m a t t e r  I n t a k e  
and o v e r - a l l  d i g e s t i b i l i t y .  Some o f  th e  r e c o rd e d  f i n d i n g s  o f  t h e s e  
s t u d i e s  i n c l u d e d :  a . )  m i lk  p r o d u c t i o n  and d i g e s t i b i l i t y  ( e x c e p t  c rude
f i b e r )  have  i n c r e a s e d  as  t h e  p e r c e n t a g e  o f  c o n c e n t r a t e s  i n  th e  r a t i o n  
have i n c r e a s e d ;  b . )  m i lk  r e t u r n s  p e r  u n i t  o f  i n p u t  d i m in i s h e d  as  t o t a l  
feed  I n p u t s  and m i lk  p r o d u c t i o n  i n c r e a s e d ;  c . )  when th e  p l a n e  o f  n u t r i ­
t i o n  was r a i s e d  t o  a h ig h  l e v e l ,  d i g e s t i b i l i t i e s  f r e q u e n t l y  d e c r e a s e d ;  
d . )  t h e o r e t i c a l  m i lk  y i e l d s  based  upon f e e d i n g  s t a n d a r d s  and av e rag e  
d i g e s t i b i l i t y  v a l u e s  d id  n o t  c o i n c i d e  w i th  a c t u a l  p r o d u c t i o n  y i e l d s  a t  
t h e  h i g h e s t  l e v e l s  o f  f eed  i n t a k e .  F o s g a te  a l s o  emphasized th e  e c o ­
nomic im por tance  o f  t h i s  l a s t  f i n d i n g  b ec a u se  i t  showed t h a t  t h e  law o f  
d i m i n i s h i n g  r e t u r n  from a d d i t i o n a l  In c rem en ts  o f  i n p u t  a l s o  h e 1d t r u e  
f o r  m i lk  p r o d u c t i o n .
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Putnam and L o o s l i  (124) fed  r a t i o n s  in  which e i t h e r  80 p e r  c e n t ,  
60 p e r  c e n t ,  o r  40 p e r  c e n t  o f  the  dry  m a t t e r  c o n t e n t  came from f o r a g e s  
and th e  b a la n c e  from c o n c e n t r a t e s .  There was no s i g n i f i c a n t  d i f f e r e n c e  
i n  th e  amount o f  m i lk  produced by th e  an im a ls  consuming the  d i f f e r e n t  
r a t i o n s .  However, t h e r e  was a s l i g h t  d i f f e r e n c e  in  th e  amount of  m i lk  
produced p e r  pound o f  t o t a l  d i g e s t i b l e  n u t r i e n t s  (TDN) f e d .  The range 
was from 2 .1 0  t o  1.93 pounds FCM p e r  pound o f  TDN f o r  the  80 pe r  c e n t  
and 40 p e r  c e n t  fo ra g e  r a t i o n s ,  r e s p e c t i v e l y .  Data from the  d i g e s t i o n  
t r i a l s  showed t h a t  the  c o e f f i c i e n t s  of  a p p a r e n t  d i g e s t i b i l i t y  o f  the  
mixed r a t i o n s  i n c r e a s e d  f o r  d ry  m a t t e r ,  c rude  p r o t e i n ,  e t h e r  e x t r a c t ,  
N - f r e e  e x t r a c t ,  as  w e l l  as  TDN v a l u e s ,  a s  th e  p r o p o r t i o n  of  concen ­
t r a t e s  in  th e  r a t i o n  i n c r e a s e d .  The c o e f f i c i e n t  o f  a p p a r e n t  d i g e s ­
t i b i l i t y  f o r  c ru d e  f i b e r  d e c r e a s e d  a s  t h e  p r o p o r t i o n  o f  c o n c e n t r a t e  
i n  t h e  r a t i o n  i n c r e a s e d .  O the r  i n v e s t i g a t o r s  (17 ,  62 ,  93) have c o r ­
r o b o r a t e d  t h i s  work and found i n c r e a s e d  d i g e s t i b i l i t y  o f  d ry  m a t t e r ,  
e t h e r  e x t r a c t ,  and n i t r o g e n - f r e e  e x t r a c t  as  p e r  c en t  o f  c o n c e n t r a t e s  
i n  th e  r a t i o n  i n c r e a s e s .  This  s tu d y  as  w e l l  as  a n o t h e r  s tu d y  by 
E l l i o t  and L o o s l i  (40) s u g g e s te d  t h a t  p l a n e  o f  n u t r i t i o n ,  r a t h e r  t h an  
d e c r e a s e d  d i g e s t i b i l i t y ,  caused  th e  d e c r e a s e d  e f f i c i e n c y  in  u t i l i z a ­
t i o n  o f  TDN f o r  m i lk  p r o d u c t io n  as  the  TDN ( c o n c e n t r a t e )  i n c r e a s e d .
B l a x t e r  e£  a K  (10) fed  J e r s e y  cows two g r a i n  r a t e s  o f  0 .6 6  
and 0 .33  pound f o r  each  pound o f  4 p e r  c e n t  FCM above 8 pounds FCM 
d a i l y  w i th  a l f a l f a  and l e s p e d e z a  h a y s .  The cows were i n i t i a l l y  c h a l ­
lenged  by f e e d i n g  3 pounds more g r a i n  d a l l y  t h a n  th e  I n d i c a t e d  r a t e  
u n t i l  t h e r e  was no a d d i t i o n a l  r e sp o n s e  i n  m i lk  p r o d u c t i o n  or  g r a i n  
was r e f u s e d .  A l l  the  cows fed  th e  h i g h e r  g r a i n  r a t e  f a i l e d  t o  consume
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t h e i r  i n d i c a t e d  g r a i n  f o r  p a r t  o f  th e  l a c t a t i o n .  The cows fed  the  
m odera te  g r a i n  r a t e  consumed bo th  t h e i r  i n d i c a t e d  r a t e  and th e  c h a l ­
lenged  g r a i n  f o r  th e  t ime i t  was f e d .  The r a t e s  o f  g r a i n  consumed 
were 0 .6 0  and 0 .4 0  pounds ,  r e s p e c t i v e l y ,  f o r  each  pound FCM above 8 
pounds FCM d a i l y .  D i g e s t i v e  d i s o r d e r s ,  which o c c u r r e d  f r e q u e n t l y  
among th e  cows fed  h ig h  g r a i n ,  a d v e r s e l y  a f f e c t e d  m i lk  p r o d u c t i o n .
Twenty pounds o f  g r a i n  d a i l y  a p p ea red  to  be th e  upper  l e v e l  a t  which 
a l l  cows i n  t h i s  s tu d y  c o u ld  consume s a f e l y  w i t h o u t  d i g e s t i v e  u p s e t .
There  was no s i g n i f i c a n t  d i f f e r e n c e  i n  FCM p r o d u c t io n  due to  g r a i n  
l e v e l .  Feed ing  J e r s e y  cows th e  h i g h e r  g r a i n  r a t e  was n o t  econom ical  
in  t h i s  s tu d y  when compared w i th  m odera te  g r a i n  f e e d i n g .  However,
C l i f t o n  _et a l .  (27) in  a n o t h e r  s tu d y  w i th  24 H o l s t e i n  and J e r s e y  cows 
found t h a t  th e  cows on a h i g h e r  g r a i n  l e v e l  (1 pound g r a i n  : 2 pounds 
m i lk )  produced s i g n i f i c a n t l y  more m i lk  and FCM, and consumed l e s s  f o r ­
age dry  m a t t e r  t h a n  cows fed on a low c o n c e n t r a t e  l e v e l .  The d i f f e r ­
ence i n  FCM amounted t o  0 .4 5  pound more m i lk  f o r  each  a d d i t i o n a l  pound 
o f  c o n c e n t r a t e .
Huffman (68) s t a t e d  t h a t  " i t  i s  a p p a r e n t  t h a t  good cows w i th  
l a r g e  a p p e t i t e s  and i n h e r e n t l y  h ig h  m i lk  p r o d u c t i o n  p o t e n t i a l  a re  
c a p a b le  o f  h igh  l e v e l s  o f  economic p r o d u c t i o n .  I t  i s  n e c e s s a r y ,  however ,  
t o  t r e a t  th e  d a t a  f o r  such cows as  i n d i v i d u a l s .  The l i b e r a l  g r a i n  f e e d ­
ing  of  good cows w i l l  make p o s s i b l e  th e  i n c r e a s e d  p r o f i t s  t o  da i rym en;  
a i d  in  b u l l  p r o o f s ;  and a i d  i n  t h e  s e l e c t i o n  o f  h i g h - p o t e n t i a l  cows t o  
use  i n  m i l k - p r o d u c t i o n  s t u d i e s .  A t e s t i n g  program i s  n e c e s s a r y  f o r  
s u c c e s s f u l  heavy g r a i n  f e e d i n g . "  Huffman (68) a l s o  r e p o r t e d  on an 
ex p e r im en t  i n  Denmark i n  which 10 cows w i th  an av e ra g e  p r o d u c t i o n  o f
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607 pounds o f  f a t  p e r  y e a r  were fed  a c c o r d in g  t o  a p p e t i t e  under  i d e a l  
c o n d i t i o n s .  At peak o f  m i lk  p r o d u c t i o n  as  much as  40 pounds o f  con­
c e n t r a t e  p l u s  7 pounds o f  h ay ,  30 pounds o f  g r a s s  s i l a g e ,  and 50 pounds 
of  b e e t  top  s i l a g e  were fed  each cow. The cows produced an av e ra g e  of 
24 ,341 pounds o f  FCM d u r in g  the  f i r s t  y e a r  and 25 ,622 pounds of  FCM the  
second y e a r .
Mead and Goss (110) s t u d i e d  rum inan t  d i g e s t i o n  w i t h o u t  fo ra g e  
f e e d i n g .  They r e p o r t e d  t h a t  d a i r y  an im a ls  cou ld  be r e a r e d  to  fo u r  y e a r s  
o f  age on a c o n c e n t r a t e  d i e t ,  p r o v id e d  i t  was supplem ented  w i th  ca lc iu m  
c a r b o n a t e  and v i t a m i n  A. The an im als  were r e p o r t e d  t o  be normal i n  s i z e  
and showed no a b n o r m a l i t i e s  o t h e r  th an  f r e q u e n t  b l o a t i n g  and l a c k  o f  
r e g u l a r  r u m i n a t i o n .  In  an e a r l i e r  s t u d y ,  Beach (11) showed t h a t  d i g e s ­
t i b l e  n u t r i e n t s  from c o r n  were more u s e f u l  f o r  m a in te n a n c e  and f o r  m i lk  
p r o d u c t i o n  th a n  d i g e s t i b l e  n u t r i e n t s  from ro u g h ag es .  Th is  phenomenon 
was a l s o  obse rved  by Huffman and Duncan (71 ,  72,  73, 7 5 ) .  A number of  
s t u d i e s  i n  which a l f a l f a  hay was fed a lo n e  was conduc ted  by t h e s e  work­
e r s  (69 ,  70,  71,  73, 74, 75, 7 6 ) .  From t h e i r  r e s u l t s  i t  was i n d i c a t e d  
t h a t  cows, p l a c e d  on a l f a l f a  hay a lo n e  a f t e r  c a l v i n g ,  made e f f i c i e n t  
use  o f  th e  TDN f o r  two t o  t h r e e  months and th e n  d e c l i n e d  in  m i lk  p r o ­
d u c t i o n .  This  was r e f e r r e d  to  a s  a d e p l e t i o n  t e c h n i q u e ,  s i n c e  i t  
a p p ea red  t h a t  some u n i d e n t i f i e d  f a c t o r s  s t o r e d  in  th e  body were b e in g  
w i thdraw n t o  b a l a n c e  the  TDN i n  the  hay .  When p a r t  o f  th e  TDN from the  
hay was r e p l a c e d  by an e q u a l  amount of  TDN from c o n c e n t r a t e s ,  m i lk  p r o ­
d u c t i o n  i n c r e a s e d .  Th is  i n c r e a s e  in  m i lk  p r o d u c t i o n  was a g a i n s t  the  
n a t u r a l  tendency  f o r  cows t o  d e c l i n e  w i th  advance  in  l a c t a t i o n .  There 
was no I n c r e a s e  in  m i lk  p r o d u c t i o n ,  however ,  when e i t h e r  c o r n  s t a r c h  or
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c o r n  s u g a r  was added to  t h e  r a t i o n  o f  the  d e p l e t e d  cows. Kane ejt a l^  (85) 
s t u d i e d  th e  e f f e c t  o f  co rn  s t a r c h  on d i g e s t i b i l i t y  o f  a l f a l f a  h a y .  T h e i r  
work r e v e a l e d  t h a t  when c o rn  s t a r c h  was a b r u p t l y  added t o  a r a t i o n ,  d ry  
m a t t e r  d i g e s t i b i l i t y  was d e c r e a s e d .  However,  t h e s e  w orkers  found t h a t  
a f t e r  a 20-day  p r e l i m i n a r y  p e r io d  up to  s i x  pounds of  s t a r c h  p e r  day d id  
n o t  s i g n i f i c a n t l y  d e c r e a s e  d ry  m a t t e r  d i g e s t i o n .
Kot tke  (89) a r r a n g e d  DHIA d a t a  a c c o r d in g  to  m i lk  p r o d u c t io n .  As 
the  amount o f  m i lk  i n c r e a s e d ,  the  e f f i c i e n c y  p e r  pound o f  feed  i n c r e a s e d .  
Mather ^ t  a l .  (106) found t h a t  cows w i th  a p o t e n t i a l  m i lk  p r o d u c t i o n  o f  
8 ,906  pounds o f  FCM p e r  245-day l a c t a t i o n  gave 0 .5 8  pound o f  FCM p e r  pound 
o f  g r a i n ;  w h e re a s ,  t h o s e  w i th  a 245-day p o t e n t i a l  of  11,708 pounds of FCM 
gave 1.35 pounds of FCM p e r  pound o f  g r a i n .  The h i g h - p o t e n t i a l  cows 
showed no e v id en ce  o f  d i m i n i s h i n g  r e t u r n s  and t h e r e  was r e l a t i v e l y  l i t t l e  
f o r  the  l o w - p o t e n t i a l  cows. Charron  (26) r e p o r t e d  t h a t  m i lk  p r o d u c t io n  
i n c r e a s e d  2 ,031 pounds p e r  cow due t o  h i g h e r  g r a i n  f e e d i n g .  While 90 p e r  
c e n t  o f  th e  cows responded  w i th  e x t r a  m i lk  p r o d u c t i o n ,  on ly  40 p e r  c e n t  o f  
th e  cows showed i n c r e a s e d  p r o f i t .
Ef f e c t  of  Supplem ent ing  P a s t u r e  w i t h  G ra in
The e f f e c t s  o f  su p p lem en t in g  fo ra g e  i n t a k e  from p a s t u r e  w i th  v a r i ­
ous l e v e l s  o f  g r a i n  f e e d in g  have been s t u d i e d .  S ea th  (138) s t u d i e d  the  
e f f e c t  on m i lk  p r o d u c t i o n  o f  f e e d in g  a l f a l f a  s i l a g e  o r  an  e x t r a  amount o f  
g r a i n  t o  d a i r y  cows on p a s t u r e  d u r in g  th e  months o f  J u l y ,  A ugus t ,  Septem­
b e r ,  and O c to b e r .  R e s u l t s  v a r i e d  w i th  t h e  s easo n  and t h e  k in d  o f  p a s t u r e  
t h a t  th e  cows were g r a z i n g .  In  g e n e r a l ,  t h e r e  was no s i g n i f i c a n t  change 
i n  l e v e l  o f  m i lk  p r o d u c t io n  w h i l e  cows were g r a z i n g  b l u e g r a s s  and l a d i n o  
c l o v e r  or  o r c h a rd  g r a s s  and l a d i n o  c l o v e r .  However,  t h e r e  were
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s i g n i f i c a n t  i n c r e a s e s  i n  m i lk  p r o d u c t io n  from f e e d in g  a l f a l f a  s i l a g e  or  
e x t r a  g r a i n  when cows were  g r a z i n g  Kentucky 31 f e s c u e .  In  a n o t h e r  e x p e r ­
im en t ,  S ea th  e£  a l .  (139) fed  e i t h e r  c o r n  s i l a g e  or  an e x t r a  amount o f  
g r a i n  m ix tu re  t o  H o l s t e i n  and J e r s e y  cows on p a s t u r e  from August 1 t o  Sep 
tember  11, 1949. They r e p o r t e d  t h a t  t h i s  s u p p le m e n ta t io n  w i th  g r a i n  or  
s i l a g e  p re v e n te d  th e  summer d e c l i n e  i n  m i lk  p r o d u c t i o n  which o c c u r re d  
even  though th e  cows were g r a z i n g  b e t t e r  th a n  av e ra g e  p a s t u r e s .  This  
s tu d y  showed a d e c l i n e  o f  2 .73 pounds o f  m i lk  p e r  cow p e r  day f o r  the 
c o n t r o l s ;  a d e c l i n e  of  1 .25 pounds of  m i lk  f o r  th e  cows r e c e i v i n g  the  
s i l a g e ;  and ,  an i n c r e a s e  o f  1.12 pounds o f  m i lk  f o r  cows r e c e i v i n g  th e  
e x t r a  a l low ance  o f  th e  g r a i n  m i x t u r e .  Dowden et. a K  (38) conduc ted  two 
g r a i n - f e e d i n g  t r i a l s  i n v o l v i n g  the  c o n t in u o u s  employment o f  24 and 18 
l a c t a t i n g  d a i r y  cows d u r in g  th e  1956 and 1957 p a s t u r e  s e a s o n s ,  r e s p e c ­
t i v e l y .  P a s t u r e s  used were o r c h a r d - g r a s s , l a d i n o  c l o v e r  p lu s  sudan 
g r a s s  o r  Kentucky b l u e g r a s s  - w h i t e  c l o v e r .  G ra in  f e e d i n g  had no s i g ­
n i f i c a n t  e f f e c t  on p e r s i s t e n c y  o f  m i lk  p r o d u c t i o n  d u r in g  th e  f i r s t  p a r t  
o f  th e  t r i a l  when p a s t u r e  was good.  The e f f e c t  of  g r a i n  f e e d in g  was 
r e p o r t e d  to  be h i g h l y  s i g n i f i c a n t  d u r in g  the  l a s t  28 days  when p a s t u r e  
became s h o r t  and o f  low q u a l i t y .  G ra in  f e e d i n g ,  however ,  d id  lower  the  
d ry  m a t t e r  i n t a k e  from p a s t u r e .
High G ra in  F eed ing  and H e a l th  o f  Cows
Huffman (68) r e p o r t e d  t h a t  many dairymen a r e  r e l u c t a n t  t o  feed  
h i g h  l e v e l s  o f  g r a i n  because  o f  the  b e l i e f  t h a t  such a p r a c t i c e  a g g r a ­
v a t e s  m a s t i t i s  and udder  edema and ten d s  t o  produce o f f - f e e d .  However,  
Huffman r e p o r t e d  on a s tu d y  in  which he fed f i v e  cows c o t t o n s e e d  meal
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and f i v e  cows l i n s e e d  meal  a t  l e v e l s  o f  5 t o  12 pounds p e r  cow d a i l y  over  
a 6-month p e r i o d  and f a i l e d  t o  show t h a t  t h e s e  p r o t e i n  c o n c e n t r a t e s  a g g r a ­
v a t e d  m a s t i t i s .  Huffman f u r t h e r  r e p o r t e d  t h a t  many e x p e r im e n t s  show t h a t
th e  o c c u r re n c e  o f  m a s t i t i s  and udder  edema i s  no t  due to  heavy g r a i n  f e e d ­
in g .
Moore e t  a l .  (115) conducted  an expe r im en t  of  f e e d in g  a h ig h  c o rn  
g r a i n  r a t i o n  t o  20 cows f o r  a p e r i o d  o f  two y e a r s .  They co n c lu d ed :  "There
a p p e a r s  to  be no s i g n i f i c a n t  d i f f e r e n c e  in  th e  i n c id e n c e  o r  s e v e r i t y  of  
m a s t i t i s  between th e  group r e c e i v i n g  th e  heavy co rn  r a t i o n  and t h e  group 
fed  a normal r a t i o n  as  fed  in  t h i s  e x p e r i m e n t . "  These i n v e s t i g a t o r s  i n  
f u r t h e r  s t u d i e s ,  co u ld  n o t  f i n d  any d i f f e r e n c e  i n  the  i n c id e n c e  o r  s e v e r i t y  
o f  m a s t i t i s  when f i r s t - c a l f  h e i f e r s  were fed  t h e  above c o n t r o l  r a t i o n s  a t  
the  r a t e  o f  1 pound p e r  3 .5  pounds o f  m i lk  compared t o  a low l e v e l  of 
g r a i n .  Char ron  (26) s t u d i e d  th e  e f f e c t s  o f  h i g h e r  g r a i n  f e e d i n g  on 48 
d a i r y  farms in  New York and New J e r s e y . His  d a t a  d id  n o t  show t h a t  g r a i n  
f e e d in g  r e s u l t e d  i n  more udder  i n f e c t i o n .  Greenhalgh  and G ardner  (55) 
found t h a t  f e e d in g  g r a i n  up to  9 pounds p e r  day p e r  h e i f e r  and up to  12
pounds p e r  cow p e r  day f o r  about  a 6-week p e r io d  b e f o r e  c a l v i n g  gave no
e v id e n c e  t h a t  g r a i n  f e e d i n g  i n c r e a s e d  edema o f  th e  u d d e r ,
Schmidt and S c h u l t z  (132) a l s o  r e p o r t e d  t h a t  heavy  g r a i n  f e e d in g
b e f o r e  and a f t e r  c a l v i n g  d id  no t  a p p e a r  t o  i n c r e a s e  t h e  s e v e r i t y  of  udder
edema. I n  t h e i r  s tu d y  they  fed  one group of  cows no g r a i n ,  a second 
group r e c e i v e d  6 pounds d a i l y ,  and a t h i r d  group r e c e i v e d  15 pounds o f  
g r a i n  p e r  day d u r in g  th e  8-week d ry  p e r i o d .  On th e  day a f t e r  c a l v i n g ,  
t h e  cows were fed  10 pounds o f  g r a i n  and th e  amount was i n c r e a s e d  one 
pound d a i l y  u n t i l  th e  cows r e c e i v e d  th e  amount o f  g r a i n  w a r r a n t e d  by
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t h e i r  m i lk  p r o d u c t i o n .  I n  a n o t h e r  ex p e r im en t  by Bor land  e t  a l ,  (19)
22 cows fed  u n l i m i t e d  g r a i n  remained i n  good h e a l t h  w i th  no more d i g e s ­
t i v e ,  b r e e d i n g  o r  udder  t r o u b l e s  t h a n  cows on a low l e v e l  o f  g r a i n  f e e d ­
i n g ,  In  a  tw o -y ea r  s tudy  by J e n se n  et^ a_l. (81) udder  t r o u b l e s  were not  
e x c e s s i v e  even in  th e  h i g h e s t  g r a i n  fed g roup .  The l e v e l  of f e e d in g  
had no e f f e c t  on r e p r o d u c t i v e  f a i l u r e s .  Although t h e r e  was an upward 
t r e n d  in  t h e  number o f  c a s e s  o f  o f f - f e e d  as  th e  l e v e l  o f  f e e d in g
i n c r e a s e d ,  v e r y  few of  th e  c a s e s  were s e r i o u s .
I n p u t  - O utpu t  R e l a t i o n s h i p s
Reid  (125) s t a t e d  t h a t  " th e  problems concerned  w i t h  p r o v id i n g  s u f ­
f i c i e n t  e n e rg y  t o  h ig h - p r o d u c i n g  cows a r e  becoming i n c r e a s i n g l y  a c u t e  and 
demand r e a p p r a i s a l  o f  t h e  adequacy o f  e x i s t i n g  f e e d in g  s t a n d a r d s . "  He 
p o in t e d  o u t  t h a t  f e e d in g  s t a n d a r d s  a r e  based  c h i e f l y  on th e  d a t a  of  Haec- 
k e r  (57,  58) which were o b t a i n e d  w i th  low -p roduc ing  cows. I n  th e  e x p e r i ­
ments  c onduc ted  by H aecker ,  t h e  av e rag e  y i e l d  of 4 p e r  c e n t  FCM was on ly  
2 4 .4  pounds p e r  cow p e r  day .  Today t h e r e  a r e  a number o f  cows p ro d u c in g
15,000 pounds o r  more m i lk  p e r  y e a r ,  and a lm os t  a l l  h e r d s  have a t  l e a s t
a few cows which produce more than  60 pounds of  m i lk  pe r  day f o r  a t  l e a s t
a few m onths .  The f e e d in g  s t a n d a r d s  s e t  f o r t h  i n  M o r r i s o n ' s  "Feed and 
F eed ing"  (116) a r e ,  by and l a r g e ,  th e  same ones d eve loped  by Haeker  b e f o r e  
1914. The a v e rag e  i n t a k e  of  TDN in  H a e c k e r ' s ex p e r im e n t s  was a p p r o x i ­
m a te ly  1 .9  t im es  t h e  amount needed f o r  m a in te n a n c e .  At th e  low l e v e l s  
o f  m i lk  p r o d u c t i o n  and c o n v e r s e l y  o f  feed  i n t a k e ,  t h e  TDN re q u i re m e n t  
was e s t i m a t e d  t o  be 0 .3 1 6  pound p e r  pound o f  4 p e r  c e n t  FCM (57,  5 8 ) .  
However, l a t e r  r e s e a r c h  by J e n s e n  (81) i n d i c a t e d  t h a t  cows p roduc ing
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about  11 ,000 pounds o f  4 p e r  c e n t  FCM p e r  y e a r  r e q u i r e ,  above t h e  main­
ten an ce  a l lo w a n c e ,  a p p r o x im a te ly  0 .5  pound of  TDN p e r  pound o f  FCM p r o ­
duced .
S t u d i e s  conce rned  w i th  feed  i n p u t  to  m i lk  o u tp u t  r e l a t i o n s h i p s  
have been u n d e r ta k e n  by s e v e r a l  w orkers  (15,  18, 22, 8 0 ) .  These work- 
e r s  have r e p o r t e d  a d i m i n i s h i n g  r e t u r n  from i n c r e a s e d  feed  i n p u t s .  They 
have a l s o  h y p o t h e s i z e d  t h a t  p a r t  o f  the  d i m i n i s h i n g  r e t u r n s  may be due 
t o  a d e c l i n e  i n  d i g e s t i b i l i t y .
J e n se n  e t  a_l. (81) s t u d i e d  the  p r i n c i p l e  o f  d i m i n i s h i n g  r e t u r n s  
a s  a p p l i e d  t o  m i lk  p r o d u c t io n  t o  d e te rm in e  to  what  d eg ree  m i lk  o u tp u t  
cou ld  be r a i s e d  by more i n t e n s i v e  f e e d i n g .  I n  th e  h e r d s  s t u d i e d ,  i t  
was found t h a t  15 to  20 p e r  c e n t  more m i lk  was o b t a i n e d  from cows a t  
h ig h  l e v e l s  o f  f e e d in g  th a n  from cows fed a t  s t a n d a r d ,  and 45 p e r  c e n t  
more than  from cows fed a t  70 - 80 p e r  c e n t  o f  s t a n d a r d .  They s t a t e d  
t h a t  t h e  law o f  d i m i n i s h i n g  p h y s i c a l  o u t p u t  a p p l i e s  t o  m i lk  p r o d u c t i o n .  
The r e sp o n s e  to  I n c r e a s e d  feed  was l e s s  a t  th e  h ig h  l e v e l s  t h a n  a t  t h e  
low l e v e l s .  There  was 0 . 6  pound o f  4 p e r  c e n t  FCM produced f o r  each 
a d d i t i o n a l  pound o f  d i g e s t i b l e  n u t r i e n t s  a t  the  h i g h e s t  l e v e l  and 1.7 
pounds o f  4 p e r  c e n t  FCM produced f o r  each a d d i t i o n a l  pound o f  d i g e s ­
t i b l e  n u t r i e n t s  a t  t h e  lo w es t  l e v e l .  This  s tu d y  a l s o  p o i n t e d  ou t  t h a t ,  
on t h e  a v e r a g e ,  cows r e t u r n e d  abou t  3 pounds o f  m i lk  p e r  pound o f  d i g e s ­
t i b l e  n u t r i e n t s  consumed above m a in te n a n c e ;  b u t ,  f o r  each  a d d i t i o n a l  
pound of  t o t a l  d i g e s t i b l e  n u t r i e n t s  added t o  a normal r a t i o n  t h e r e  was 
an i n c r e a s e  of  o n ly  ab o u t  1 .0  -  1 .5  pounds o f  FCM o b t a i n e d .
La rso n  and E skeda l  (92) showed a c o n s i d e r a b l e  i n c r e a s e  of  4 p e r  
c e n t  FCM as a r e s u l t  o f  h i g h - l e v e l  g r a i n  f e e d i n g  and improved m i lk in g
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and s a n i t a r y  p r a c t i c e s .  T h e i r  d a t a  i n d i c a t e d  t h a t  a l th o u g h  a p a r t  of  
the  i n c r e a s e  i n  t h e  re sponse  of  the  cows was due to  improved m i lk in g  
methods and h e a l t h  m easures ,  the  major  p a r t  of the  re sp o n se  was 
undoubtedly  the  r e s u l t  of  the g r e a t l y  in c r e a s e d  in p u t  o f  en e rg y .  There 
a re  o th e r  examples which showed t h a t  many cows p roduc ing  a t  low l e v e l s  
would y i e l d  much more m ilk  i f  they  were p ro v id e d  w i th  more energy  (125) .  
Charron (26) conducted  a f i e l d  s tudy  in  which he induced fa rm ers  to  
feed o n e - h a l f  of 442 cows on t e s t  ap p ro x im a te ly  20 p e r  c en t  more TDN 
than  the  fa rm ers  had been accustomed to  f e e d in g .  An average  i n c r e a s e  
o f  2 ,030 pounds o f  milk  was o b ta in e d  f o r  a l l  cows in  the  t e s t .  F i f t y -  
seven p e r  c e n t  of  the  cows showed an annua l  i n c r e a s e  of  2 ,000 l b .  or  
more m ilk  and 10 pe r  c e n t  of  the  cows showed an i n c r e a s e  of  4 ,000  pounds 
o r  more.
Bor land ,  Beam and Jones  (19) s tu d i e d  the  r e l a t i o n s h i p  between r a t e  
o f  g r a i n  f e e d in g  to  milk  p r o d u c t io n .  These workers  were a b le  to  demon­
s t r a t e  t h a t  m i lk  p r o d u c t io n  cou ld  be s i g n i f i c a n t l y  i n c r e a s e d  w i th  l i b e r a l  
l e v e l s  o f  g r a i n  f e e d in g .  In  t h i s  s tudy  the  cows t h a t  were fed a t  the  
120 pe r  c e n t  l e v e l  produced 50 p e r  c en t  more m ilk  t h a n  cows fed a t  70 
to  80 per  c en t  of  the  recommended s t a n d a r d . l e v e l . However,  i t  i s  e v i ­
den t  from the  work of  Borland e t  a l .  t h a t ,  as the  g r a i n  a l low ance  
in c r e a s e d ,  the  law o f  d im in i s h in g  r e t u r n s  o p e r a t e d .  Each pound of  
g r a i n  fed t o  cows a t  80 p e r  c e n t  o f  s t a n d a rd  r e t u r n e d  4 pounds o f  m i lk ,  
b u t  a t  the  120 pe r  c e n t  l e v e l  each pound of  g r a i n  produced a p p ro x im a te ly  
2 pounds o f  m i lk .  Harr  (60) r e p o r t e d  on s t u d i e s  conducted  by USDA s c i e n ­
t i s t s  a t  B e l t s v i l l e ,  Maryland,  who found t h a t  a group of  cows on un l im ­
i t e d  feed produced about  the  same amount o f  m i lk  as a group fed  a
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c o n t r o l l e d  amount o f  g r a i n .  The ad l i b i t u m  group consumed 17 p e r  c e n t  
more t o t a l  energy  th an  th e  con tem porary  g roup ,  and 71 p e r  c e n t  o f  the  
t o t a l  ene rgy  consumed was i n  th e  form o f  c o n c e n t r a t e s .  Because o f  the  
a d d i t i o n a l  energy  consumed, and because  o f  the  v a r i a t i o n  i n  r e sp o n se  
f o r  y i e l d ,  th e  ad l i b i t u m  group g a ined  more w e igh t  and were l e s s  e f f i ­
c i e n t  th an  th e  con tem porary  g roup .  These w orkers  f u r t h e r  observed  
t h a t  a l th o u g h  the  economic a s p e c t s  of  ad l i b i t u m  f e e d in g  were no t  d i s ­
c u s se d ,  i t  was a p p a r e n t  from the  r e s u l t s  o f  t h e s e  s t u d i e s  t h a t  a l l  
cows w i l l  no t  respond  f a v o r a b ly  t o  u n l i m i t e d  q u a n t i t i e s  of  f e e d .  Thus, 
i t  would be unwise f o r  t h e  dairyman to  feed  a h e r d  i n  t h i s  manner on an 
" a c r o s s  th e  b o a rd "  b a s i s .  In  any program where i t  i s  d e s i r a b l e  t o  i n ­
c r e a s e  t h e  feed  i n t a k e ,  i t  shou ld  be done on an I n d i v i d u a l  cow b a s i s .  
Cows t h a t  do n o t  have th e  g e n e t i c  p o t e n t i a l  fo r  m i lk  p r o d u c t i o n  w i l l  n o t  
r e s u l t  i n  In c re a s e d  m i lk  p r o d u c t io n  from an i n c r e a s e d  l e v e l  of feed  
i n t a k e .  T h e r e f o r e ,  each  cow in  a h e rd  has  to  be c h a l l e n g e d  i n  o r d e r  to  
seek  ou t  th o se  who w i l l  r e sp o n d .
I n  a s tu d y  by J a r r e t t  (79) one o f  th e  moBt s t r i k i n g  t h i n g s  found 
was how c l o s e  th e  f l u c t u a t i o n s  i n  m i lk  p r o d u c t i o n  month to  month f o l ­
lowed th e  n e t  energy  i n t a k e .  This  s tu d y  a l s o  i n d i c a t e d  t h a t  a p p r o x i ­
m a te ly  0 .5  Therm n e t  energy  was needed to  produce each pound o f  m i lk .  
Th is  was 50 p e r  c e n t  more n e t  ene rgy  th a n  i s  recommended by M o r r i s o n ' s
s t a n d a r d s .  The range  was 0 .3  T h e m  p e r  pound o f  m i lk  a t  th e  low es t
l e v e l s  o f  p r o d u c t io n  t o  0 .6  T h e m  p e r  pound o f  m i lk  a t  the  h i g h e s t  l e v e l  
o f  p r o d u c t io n .  I t  was a l s o  a p p a r e n t  in  t h i s  s tu d y  t h a t  when h e r d s  a v e r ­
aged 9 ,125 pounds o r  more m i lk  p e r  cow t h a t  th e y  r eached  a p l a t e a u  in
p r o d u c t i o n  where th e  i n p u t  - o u tp u t  r e l a t i o n s h i p  was no lo n g e r  l i n e a r .
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I t  was a l s o  b ro u g h t  ou t  t h a t  I t  I s  im p o r tan t  t o  r e a l i z e  t h a t  the  e f f i ­
c ie n c y  w i th  which a cow can c o n v e r t  n e t  energy  to  m i lk  p r o d u c t io n  
d e c l i n e s  w i th  i n c r e a s e d  i n p u t s ,  and t h e r e f o r e  the  n e t  energy  in t a k e  
r e s u l t i n g  in  the  maximum n e t  income may be l e s s  th an  the  p o t e n t i a l  
maximum i n t a k e  p e r  cow. In f u r t h e r  d i s c u s s i n g  t h i s  m a t t e r  o f  f l u c t u ­
a t i o n s  i n  milk  p r o d u c t io n  from month to  month, F osga te  (47) p o in ted  
ou t  t h a t  i t  i s  c l e a r l y  e v i d e n t  t h a t  low m i lk  p r o d u c t io n  in  the  summer 
months i s  p r i m a r i l y  due to  low n e t  energy  i n t a k e .  This  may be a v o lu n ­
t a r y  r e s t r i c t i o n  by the  cow due to  the  f a c t  t h a t  as fo rag es  m a tu re ,  
they  become l e s s  p a l a t a b l e ,  or  i t  may be due to  the  f a c t  t h a t  dairymen 
o v e r - e s t i m a t e  the  p r o d u c t i v i t y  o f  t h e i r  summer p a s t u r e s  and the  n e c e s ­
s a r y  n e t  energy  f o r  h ig h  p r o d u c t io n  i s  u n a v a i l a b l e  to  the  cow.
Reid (125) a l s o  s t a t e d  t h a t  a n o th e r  p o i n t  of  s i g n i f i c a n c e  in  the
f e e d in g  o f  the  i n d i v i d u a l  cow i s  the  consequence o f  the  m a l - d i s t r i b u t i o n
of energy  d u r in g  the  l a c t a t i o n  c y c l e .  Some cows r e c e i v e  enough t o t a l  
feed  p e r  y e a r ,  b u t  the  feed  i s  i n e f f e c t i v e l y  d i s t r i b u t e d  r e l a t i v e  to  
t ime and need .  Reid (125) d i s c u s s e d  the  work o f  Warner (160) who found 
t h a t  q u i t e  o f t e n  too  l i t t l e  feed  i s  p rov ided  e a r l y  in  l a c t a t i o n  and too 
much l a t e  i n  l a c t a t i o n .  Data o b ta in e d  f o r  two DHIA herds  i n  New York
S t a t e  was used to  dem o n s t ra te  t h i s  f e ed in g  d e f e c t .  I t  was no ted  t h a t
th e  m i lk  y i e l d s  of  th e  two h e r d s  were the  same in  th e  f i r s t  month of  
l a c t a t i o n .  However,  Herd 1 was more p e r s i s t e n t  and produced more m i lk  
i n  a l l  subsequen t  months than  d id  Herd 2. This  d i f f e r e n c e  i n  re sp o n se s  
o f  th e  two h e rd s  was p a r t i a l l y  e x p la in e d  by the  f a c t  Herd 1 was fed 
enough c o n c e n t r a t e s  d u r in g  e a r l y  l a c t a t i o n  to  p ro v id e  enough energy  to
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exceed the  recommendations  o f  p r e s e n t - d a y  energy s t a n d a r d s .  Herd 2,  how­
e v e r ,  was g r e a t l y  u n d e r fed  d u r in g  e a r l y  l a c t a t i o n  a* J o v e r fed  d u r in g  the  
f o u r t h  and subsequen t  months of  l a c t a t i o n .  In  s p i t e  o f  th e  f a c t  t h a t  
the  cows i n  Herd 2 r e c e iv e d  a c o n s id e r a b l y  l a r g e r  t o t a l  amount o f  con­
c e n t r a t e s  than  was recommended f o r  the  e n t i r e  l a c t a t i o n  p e r i o d ,  the  milk  
y i e l d  d e c l i n e d  to  a low l e v e l  q u i t e  r a p i d l y ,  w i th  t h e  r e s u l t  o f  a low 
t o t a l  y i e l d .  I t  was concluded t h a t  the s u p e r i o r  y i e l d  and the  p e r s i s ­
tency  of  ou tp u t  of  Herd 1 appeared  to  r e s u l t  p a r t l y  from the  h i g h e r  
energy  in p u t  and p a r t l y  from the  more s a t i s f a c t o r y  d i s t r i b u t i o n  o f  the  
energy  i n p u t .
The f i n d i n g s  o f  s e v e r a l  w orkers  (50,  91, 102, 137, 158) have 
sugges ted  t h a t  i t  i s  im p o r ta n t  t h a t  cows be p ro v id ed  enough energy to  
produce as  much m i lk  as  p o s s i b l e  as  soon a f t e r  c a l v i n g  as  p o s s i b l e .
This  i s  because  th e  m i lk  y i e l d  d u r in g  monthly  segments o f  the  l a c t a t i o n  
p e r io d  (even d u r in g  v e ry  e a r l y  l a c t a t i o n )  r e f l e c t s  the  t o t a l  l a c t a t i o n  
p e r i o d .  A lso ,  t h e  re sp o n se  in  m i lk  p r o d u c t io n  to  energy  i n p u t s  d u r in g  
th e  d ry  p e r io d  and e a r l y  l a c t a t i o n  has  been found to  be cu m u la t iv e  over  
the  l a c t a t i o n  p e r i o d .  Continued f e e d in g  o f  h igh  l e v e l s  o f  energy  a f t e r  
c a l v i n g  has  ex tended  the  I n c re a s e d  o u tp u t  o f  m i lk  over  the  e n t i r e  l a c ­
t a t i o n  p e r i o d ,  a c c o rd in g  to  some workers  (16,  44 ,  9 5 ) .  Reid (125) r e ­
p o r t e d  t h a t  i t  i s  r e a s o n a b le  t o  s u sp e c t  t h a t  when m i lk in g  cows a r e  fed 
a c c o rd in g  to  p r e s e n t - d a y  s t a n d a r d s ,  th e  body t i s s u e  ga ined  d u r in g  l a t e  
l a c t a t i o n  and th e  d ry  p e r io d  p ro v id e s  a c o n s i d e r a b l e  p a r t  o f  th e  energy  
needed to  s u p p o r t  subsequen t  l a c t a t i o n .  I t  has  been shown t h a t  a cow 
which g a ined  100 pounds o f  body f a t  p r i o r  t o  c a l v i n g  cou ld  produce as 
much as  880 pounds o f  m i lk  from the  c a t a b o l i s m  of  body f a t  a l o n e ,  when
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fed  only enough feed to  s a t i s f y  h e r  m ain tenance  r e q u i re m e n ts  d u r in g  the  
en su in g  l a c t a t i o n  p e r io d  (16,  44 ,  125) .  Because of  t h i s ,  a need fo r  
d i e t a r y  energy  g r e a t e r  th an  th e  amount o f  TDN recommended in  p r e s e n t - d a y  
s t a n d a rd s  may n o t  become e v id e n t  ex ce p t  when cows produce a l a r g e  amount 
o f  m i lk  f o r  ex tended  p e r io d s  of t ime.  Reid (125) f u r t h e r  s t a t e d  t h a t  
" i f  t h e  maximum y i e l d  of  p o t e n t i a l l y  h i g h -p r o d u c in g  cows i s  t o  be 
r e a l i z e d ,  i t  would ap pear  t h a t  e i t h e r  l e s s  dependence should  be put  on 
the body t i s s u e  s t o r e s  or  t h e i r  u t i l i z a t i o n  should  be more e f f e c t i v e l y  
d i s t r i b u t e d ,  and g r e a t e r  r e l i a n c e  should  be pu t  on the energy  p rov ided  
by the  r a t i o n  fed  c o n c u r r e n t l y  w i th  l a c t a t i o n . "
Conrad e_t a_l. (28) de te rm ined  v o l u n t a r y  dry  feed i n t a k e  and dry 
m a t t e r  d i g e s t i b i l i t y  i n  114 t r i a l s  w i th  l a c t a t i n g  d a i r y  cows. He con­
c luded  t h a t  p h y s i c a l  and p h y s i o l o g i c a l  f a c t o r s  r e g u l a t i n g  feed  i n t a k e  
change in  im portance  w i th  i n c r e a s i n g  d i g e s t i b i l i t y .  At low d i g e s t i b i l ­
i t y  the  f a c t o r s  were: body w e igh t  ( r e f l e c t i n g  roughage r a t e  o f  pas sag e )
and d ry  m a t t e r  d i g e s t i b i l i t y .  At h i g h e r  d i g e s t i b i l i t i e s  i n t a k e  appeared  
to  be dependent  on m e ta b o l i c  s i z e ,  p r o d u c t io n  and d i g e s t i b i l i t y .  Mosely 
e t  a l . (117) found t h a t  82 pe r  c e n t  as  much m ilk  was produced by cows 
fed fo ra g e s  a lo n e  as  by cows fed fo ra g e s  and a l i m i t e d  amount o f  g r a i n .  
Sherewood and Dean (141) r e p o r t e d  t h a t  cows which were fed a l f a l f a  hay 
a lo n e  produced 79 pe r  c e n t  as  much m i lk  a s  when fed  a l f a l f a  hay and
g r a i n .  Graves  e£  a l .  (54) fed  cows a t  f o u r  d i f f e r e n t  p l a n e s  o f  n u t r i ­
t i o n .  R e s u l t s  o f  t h i s  work showed t h a t  cows r e c e i v i n g  g r a i n  a t  th e
r a t i o  o f  1 pound g r a i n  to  6 .1  pounds of 3 .1  p e r  c e n t  m i lk  saved 863
pounds o f  hay and a t  th e  same time r e s u l t e d  in  the  p r o d u c t io n  of  2,048 
pounds more m i lk .
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In  view of  the  l i t e r a t u r e  c i t e d  h e r e i n ,  a c o n c lu s io n  made by 
L o o s l i  (98) would seem to  be a p p r o p r i a t e :
A f t e r  p a r t u r i t i o n ,  the  amount of  m i lk  produced i s
th e  r e s u l t  o f  an e q u i l i b r i u m  among s e v e r a l  f a c t o r s ,  such
as  (a)  the  hormonal s t i m u l a t i o n  fo r  p r o d u c t io n ,  (b) the 
n u t r i e n t s  a v a i l a b l e  and (c) l i m i t a t i o n s  s e t  by the  cow's  
g e n e t i c  a b i l i t y  f o r  p r o d u c t io n .  N u t r i e n t s  a v a i l a b l e  fo r  
m i lk  p r o d u c t io n  can come from two s o u rc e s ;  d a i l y  feed 
and s t o r e s  in  the  a n i m a l ' s  body. Animals w e l l  managed 
a t  p a r t u r i t i o n  u s u a l l y  have l a r g e  body s t o r e s  of  energy  
as  w e l l  as  h igh  impulse  fo r  p r o d u c t io n .  As long as 
body s t o r e s  l a s t  and no d i s e a s e  i s  p r e s e n t ,  p r o d u c t io n  
w i l l  be l i m i t e d  by hormonal s t i m u l a t i o n  or  g e n e t i c  c a p a ­
c i t y  (which may be the  same). However, when body s t o r e s  
of  energy  become d e p l e t e d ,  the  d a i l y  i n t a k e  o f  energy  
becomes a l i m i t i n g  f a c t o r  in  p r o d u c t io n .  At t h i s  t ime 
the  an im al  becomes v e ry  s e n s i t i v e  t o  f l u c t u a t i o n s  in
th e  energy  v a lu e  of  i t s  feed .
Economic Aspects
M orr ison  (116) r e p o r t e d  t h a t  th e  c o s t  of  feed  i s  by f a r  the  
l a r g e s t  s i n g l e  Item of  expense ,  g e n e r a l l y  forming up to  o n e - h a l f  of  the  
t o t a l  c o s t  o f  m i lk  p r o d u c t io n .  This  expense v a r i e s  w ide ly  depending  on 
th e  p r i c e  o f  f e e d s ,  the  average  p r o d u c t io n  o f  the h e r d s ,  and th e  economy 
of th e  r a t i o n s  u sed .  This  i s  i n  agreement w i th  s ta t e m e n t s  by o t h e r  
w o rk e rs .  In  a s tudy  on c o s t  o f  mi lk  p r o d u c t io n  in  L o u i s i a n a ,  Anderson 
(4)  found t h a t  in  th e  d i s t r i b u t i o n  of  c o s t s ,  pu rchased  feed  c o n s t i t u t e d  
49 .29  per  c en t  of  cash  c o s t s .  Beneke (12) a l s o  s t a t e d  t h a t  feed  c o s t s  
c o n s t i t u t e d  about  50 pe r  c e n t  of the  c o s t  of  p roduc ing  m i lk .  He f u r t h e r  
s t a t e d  t h a t  the  fo l lo w in g  f a c t o r s  must be c o n s id e re d  i n  d e t e rm in in g  the  
most  p r o f i t a b l e  amount and com bina t ion  o f  feed s  fo r  d a i r y  cows: 1 . )  i n d i ­
v i d u a l  cows v a ry  g r e a t l y  in  t h e i r  c a p a c i t y  t o  c o n v e r t  feed  i n t o  m i lk ;
2 . )  th e  amount of  m i lk  r e s u l t i n g  from each a d d i t i o n a l  pound o f  feed 
d e c l i n e s  as  cows a r e  fed a t  h i g h e r  r a t e s ;  3 . )  f e ed in g  more g r a i n  reduces
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th e  amount of  hay t h a t  cows w i l l  consume; 4 . )  i t  i s  p r o f i t a b l e  t o  g ive  
d a i r y  cows more f e e d  when th e  p r i c e  o f  m i lk  i s  h ig h  r e l a t i v e  t o  the  
p r i c e  o f  f e e d ;  5 . )  f e e d in g  h i g h - q u a l i t y  fo ra g e  red u ces  th e  amount of  
g r a i n  to  produce a g iv en  o u tp u t  of  m i lk .
DHIA r e c o r d s  i n  L o u i s i a n a  (157) have shown t h a t  the  av e rage  
feed  c o s t s  p e r  cow were $60 f o r  fo rag e  and $105 f o r  c o n c e n t r a t e s  f o r  
2,447 cows i n  the  1962-63 t e s t i n g  y e a r .  This  was a t o t a l  feed c o s t  o f  
$165 out  o f  a g r o s s  r e t u r n  o f  $461 p e r  cow, o r  35 .8  p e r  c e n t  o f  the  
a v e rag e  g r o s s  r e t u r n s .  In  1957 t h e s e  r e c o r d s  showed t h a t  the  a v e rag e  
feed  c o s t s  p e r  cow were $51 f o r  fo ra g e  and $83 f o r  c o n c e n t r a t e s .  This  
was a t o t a l  feed  c o s t  of  $134 o u t  of  a g r o s s  r e t u r n  of  $285 p e r  cow, or  
49 p e r  c e n t  o f  t h e  a v e rag e  g r o s s  r e t u r n s .  Anderson (4) r e p o r t e d  on a 
s tu d y  i n  Tennessee  which showed t h a t  feed  c o s t s  v a r i e d  from $1 .96  p e r  
100 pounds o f  m i lk  i n  t h e  8 ,000  to  10,245 pound h e r d s  t o  $3.52 i n  h e r d s  
a v e r a g in g  between 2 ,000  and 3 ,999  pounds o f  m i lk  p e r  cow a n n u a l l y  in  
1957. The av e ra g e  feed  c o s t  p e r  100 pounds o f  m i lk  p roduced  f o r  a l l  93 
farms i n  t h e  s tu d y  was $ 2 .2 3 .  Th is  was l e s s  th a n  t h a t  found i n  a L o u i ­
s i a n a  s tu d y  (4)  where i n  1955 av e rag e  feed  c o s t s  were $3 .4 0  p e r  100 
pounds o f  m i lk  p roduced .  The DHIA Herd Summary (157) f o r  the  1962-63 
t e s t i n g  y e a r  showed a feed  c o s t  of  $2.08 p e r  100 pounds o f  m i lk  produced 
by 2 ,447 L o u i s i a n a  d a i r y  cows a v e r a g in g  7 ,845 pounds o f  4 .1  p e r  c e n t  
m i lk  p e r  y e a r .  Appendix Table  l a  shows th e  1962-63 L o u i s i a n a  DHIA 
Y ear ly  Herd Summary grouped by pounds o f  m i lk  produced p e r  cow.
Brown e_t al^. (20) r e p o r t e d  t h a t  f o r  many y e a r s  f o r a g e s  have p layed  
a dominant  r o l e  i n  d a i r y  c a t t l e  r a t i o n s ,  p r i m a r i l y  b e cau se  th ey  were 
r e c o g n iz e d  as  t h e  most econom ica l  s o u rc e s  o f  e n e r g y .  In  t h i s  r e s p e c t ,
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Anderson (4)  s t a t e d  i n  h i s  s tu d y  comple ted  i n  1959 t h a t  i t  i s  a lm os t  u n i ­
v e r s a l l y  a g re e d  t h a t  d a i r y  c a t t l e  shou ld  o b t a i n  75 t o  80 p e r  c e n t  of  
t o t a l  d i g e s t i b l e  n u t r i e n t s  i n  th e  form o f  fo ra g e  c r o p s .  At t h a t  t ime i t  
was recommended i n  L o u i s i a n a  t h a t  from 7 5 t o  85 p e r  c e n t  o f  t h e  t o t a l  
d i g e s t i b l e  n u t r i e n t s  i n  a d a i r y  r a t i o n  shou ld  be o b ta in e d  i n  the  form 
of  f o r a g e s .  A lso  t h e  r a t e s  most  o f t e n  recommended f o r  f e e d in g  co n cen ­
t r a t e s  a t  th e  t ime were one pound o f  c o n c e n t r a t e s  f o r  each  t h r e e  pounds 
o f  m i lk  p roduced by th e  s m a l l  b r e e d s ,  and a r a t i o  o f  one to  fo u r  f o r  
th e  l a r g e r  b r e e d s .  However,  in  r e c e n t  y e a r s  th e  i d e a  t h a t  f o r a g e s  fed  
i n  u n l i m i t e d  q u a n t i t i e s  i s  t h e  most  econom ica l  way t o  f eed  cows has  been  
s e r i o u s l y  q u e s t i o n e d .  Brown (20)  has  p o i n t e d  o u t  t h a t  because  o f  th e  
I n c r e a s e d  y i e l d s  of  c o r n ,  t h e  c o s t  of  100 pounds o f  TDN from e a r  co rn  
in  many c a s e s  has  been  l e s s  th a n  t h a t  from h a y - c r o p  s i l a g e  or  hay .
From an economic s t a n d p o i n t ,  maximum use  shou ld  be made of  th e  
most econom ica l  so u rce  o f  e n e rg y .  Huffman (68) rev iew ed  h i g h - l e v e l  
f e e d in g  o f  d a i r y  cows and r e p o r t e d  t h a t  r e s e a r c h  w o rk e rs  i n  Michigan 
have produced s p e c t a c u l a r  econom ica l  i n c r e a s e s  i n  p r o d u c t i o n  by r e s t r i c t ­
in g  f o ra g e  i n t a k e  and a l l o w i n g  h i g h - p r o d u c i n g  cows t o  e a t  b u lky  concen­
t r a t e s  f r e e - c h o i c e .  Char ron  (26)  observed  t h a t  in  a 10-week t r i a l  in  
New York 95 p e r  c e n t  of t h e  cows responded  in  m i lk  p r o d u c t i o n  to  
i n c r e a s e d  g r a i n  f e e d i n g ,  w i th  a p p r o x im a te ly  40 p e r  c e n t  showing a p r o f i t ­
a b l e  r e s p o n s e .  Brown e t  a_l. (20)  conduc ted  an e x p e r im e n t  to  d e te rm in e  
th e  m i lk  p r o d u c t i o n  r e s p o n s e  o f  cows fed  d i f f e r e n t  l e v e l s  o f  g r a i n  and 
h a y .  Cows fe d  h ig h  l e v e l  o r  ad l i b i t u m  g r a i n  and l i m i t e d  amounts of  
a l f a l f a  hay  were more p r o f i t a b l e  t h an  cows fed u n l i m i t e d  amounts o f  
a l f a l f a  hay  and r e s t r i c t e d  amounts of  g r a i n .  When on ly  th e  fo u r  h i g h e s t
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p ro d u c e r s  from each group were c o n s id e re d ,  th e  r e t u r n  over  feed  c o s t  was 
a p p ro x im a te ly  $60 pe r  cow h ig h e r  f o r  the  cows fed u n l im i te d  amounts of 
g r a i n  and 5 pounds of  a l f a l f a  hay per  day th an  th e  cows fed one pound of 
g r a i n  f o r  each 3 .5  pounds o f  milk  produced and u n l im i te d  amounts of 
a l f a l f a  hay .  In  the  c a l c u l a t i o n  of  the  above th e  fo l lo w in g  p r i c e s  were 
assumed: g r a i n ,  $40 per  to n ;  hay ,  $20 pe r  to n ;  corn  s i l a g e ,  $7 pe r  ton ;
and 4 per  c en t  FCM, $4.60 per  100 pounds.
Reid (125) has p o in t e d  out  t h a t  an im p o r tan t  a s p e c t  in  the f e e d ­
ing o f  d a i r y  cows i s  t h a t  c e r t a i n  economic c o n d i t i o n s  need to  be s u p e r ­
imposed in  f e e d in g  p r a c t i c e s  upon the  c o n s i d e r a t i o n  o f  the  r e l a t i o n s h i p  
between the  amounts o f  n u t r i e n t s  of  which the  cow i s  cap ab le  of  u t i l i z ­
ing and the  amounts of  n u t r i e n t s  p ro v id e d ,  and th e  n u t r i t i v e  v a lu e s  of  
f e e d s .  The d eg re e  to  which the  amount of  n u t r i e n t s  t h a t  the  cow i s  
cap ab le  o f  u t i l i z i n g  i s  s a t i s f i e d  by the  n u t r i t i v e  v a lu e  o f  th e  r a t i o n .  
This  i n f l u e n c e s  t o  a g r e a t  e x t e n t  th e  p r o f i t s  in  m i lk  p r o d u c t io n .  From 
many fe e d in g  a l t e r n a t i v e s  i t  i s  the  r e s p o n s i b i l i t y  o f  the  r e s e a r c h e r  
and e x t e n s i o n  worker  to  gu ide  the  dairyman in  th e  s e l e c t i o n  o f  a f e e d ­
ing program which c u r r e n t l y  and under  l o c a l  c o n d i t i o n s ,  though no t  
n e c e s s a r i l y  r e d u c in g  c o s t s ,  w i l l  r e s u l t  i n  maximum p r o f i t s .
Huffman (68) found g r e a t e r  p r o f i t s  above feed c o s t  due to  i n c r e a s e d  
g r a i n  f e e d in g  to  h ig h -p ro d u c in g  cows. The e f f e c t  of h i g h e r  g r a i n  f e e d in g  
on economic e f f i c i e n c y  of  m i lk  p r o d u c t io n  i s  i d e n t i c a l  w i th  the  c o w - t e s t ­
ing  concep t  of  e n a b l in g  dairymen to  c u l l  u n p r o f i t a b l e  cows. T h e r e f o r e ,  
to  e v a l u a t e  the  e f f e c t s  o f  in c r e a s e d  g r a i n  f e e d in g  on the  economics of  
mi lk  p r o d u c t io n ,  i t  i s  n e c e s sa ry  t o  c o n s id e r  the  cow as  an i n d i v i d u a l ,  
o r  a r r a n g e  th e  groups of  cows on the  b a s i s  o f  d i f f e r e n t  l e v e l s  of  m i lk
42
p r o d u c t io n .  I n  u s in g  such an ar rangement  Ross ejt a_l. (129) took the  
r e s u l t s  of  a s tudy  o f  15 c o w - t e s t i n g  a s s o c i a t i o n s  and r e p o r t e d  t h a t  
" f e e d i n g  f o r  maximum p r o d u c t io n  i s  s u b j e c t  t o  the  economic law of  
i n c r e a s i n g  c o s t s ,  w h i le  i n c r e a s i n g  the  p o t e n t i a l  a b i l i t y  f o r  h igh  p r o ­
d u c t io n  i s  s u b j e c t  to  the law of  d e c r e a s in g  c o s t s . "  Hil lman (64) 
a r ran g e d  Michigan DHIA r e c o rd s  i n t o  fo u r  c l a s s e s  a c c o rd in g  to  m i lk  p r o ­
d u c t i o n  and found the  r e t u r n  above feed  c o s t s  o f  the  h i g h e s t  group 
(14 ,727 pounds m ilk )  to  be $438 as  compared w i th  $157 f o r  the  lowest  
p roduc ing  group (7 ,345  pounds m i l k ) .  This  conforms w i th  d a t a  from 
o t h e r  s t u d i e s  (116, 154, 162) which a l s o  su g g es ted  t h a t  th e  in c r e a s e d  
r e t u r n s  above feed  c o s t  fo l lowed  i n c r e a s e d  g r a i n  f e e d in g .  Reid (125) 
a l s o  s t a t e d  t h a t  h ig h  m ilk  y i e l d  pe r  cow i s  an economic n e c e s s i t y  and 
t h a t  th e  economic e f f i c i e n c y  of  th e  h ig h -p r o d u c in g  cow i s  u s u a l l y  
g r e a t e r  th an  t h a t  of  th e  low-producing  cow even though the  e n e r g e t i c  
e f f i c i e n c y  o f  l a c t a t i o n  may be somewhat g r e a t e r  f o r  the  low p ro d u c e r .
In  r e p o r t i n g  on a p r o j e c t  t o  d e te rm in e  the  b e s t  p r o f i t  l e v e l  of  
p r o d u c t io n ,  Reynolds and K l in e  (128) r e p o r t e d  t h a t  i t  i s  p o s s i b l e  t o  feed 
p a s t  th e  p r o f i t  mark. Forage to  g r a i n  in p u t  c o e f f i c i e n t s  were developed  
f o r  i n d i v i d u a l  f o r a g e - t o g r a i n  r a t i o s  a t  each of  t h r e e  r a t e s  o f  mi lk  
p r o d u c t io n .  An optimum f o r a g e - t o - g r a i n  f e e d in g  r a t i o  f o r  a 9 ,000  pound 
annua l  m i lk  p r o d u c t io n  r a t e  p e r  cow was 35 p e r  c e n t  fo rag e  ENE to  65 p e r  
c e n t  g r a i n  ENE For p roduc ing  11,000 pounds o f  mi lk  pe r  cow, an optimum 
f o r a g e - t o - g r a i n  f e ed in g  r a t i o  was 43 p e r  c e n t  fo ra g e  ENE t o  57 p e r  c e n t  
g r a i n  ENE. At the  13,000 pound p r o d u c t io n  l e v e l  per  cow, 38 p e r  c e n t  
fo rag e  ENE to  62 p e r  c e n t  g r a i n  ENE was an optimum f o r a g e - t o - g r a i n  f e e d ­
ing r a t i o .  I t  has  been p o in te d  ou t  t h a t  th e  pe r  c e n t  of  the  feed  c o s t
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or  the  p e r  c e n t  ENE which should  cotne from c o n c e n t r a t e s  i s  no t  c o n s t a n t  
(1 4 4 ) .  At lower m i lk  p r o d u c t io n  r a t e s  and h i g h e r  i n t a k e  of q u a l i t y  f o r ­
a g e s ,  th e  n e t  energy  r e q u i r e m e n t s  may be met from fo ra g e s  a lo n e .  How­
e v e r ,  cows soon reach  a l i m i t  to  t h e i r  c a p a c i t y  to  consume fo ra g e .  As 
p r o d u c t io n  i n c r e a s e s ,  the  req u i rem en ts  f o r  n e t  energy can no longer  be 
met w i th  fo ra g e s  a l o n e ,  and a h i g h e r  pe r  c e n t  of  the  n e t  energy must 
come from c o n c e n t r a t e s .  Because fo ra g e s  tend  t o  be ch eaper  so u rces  o f  
n e t  energy  th an  c o n c e n t r a t e s ,  t o t a l  feed  c o s t s  u s u a l l y  d e c re a se  as  more 
fo rage  i s  consumed and more c o n c e n t r a t e s  a r e  r e p l a c e d .  At t im e s ,  how­
e v e r ,  p r i c e  r e l a t i o n s h i p s  do f a v o r  use of  g r a i n .  I n d i v i d u a l  cows reach  
a maximum consumption of  a g iven  q u a l i t y  of f e e d .  U n t i l  the  cow r ea ch e s  
t h i s  l i m i t  o f  fo rag e  i n t a k e ,  the  fo ra g e  should  be s u b s t i t u t e d  fo r  con­
c e n t r a t e s  as  long as the  c o s t  o f  t h e  n e t  energy  i n  the  c o n c e n t r a t e  saved 
i s  g r e a t e r  th a n  th e  c o s t  of  the  n e t  energy  i n  the  fo ra g e  r e q u i r e d  to  save 
i t  (144) .
The economic consequences  of  f e e d in g  v a r i a b l e  q u a n t i t i e s  o f  g r a i n  
and fo ra g e  t o  l a c t a t l n g  cows f o r  f i v e  co m bina t ions  of  m i lk  and feed  p r i c e s  
was s t u d i e d  by Hoglund ( 6 5 ) .  The four  f e e d in g  l e v e l s  in c lu d e d  3 ,0 0 0 ,  
4 ,5 0 0 ,  6 ,0 0 0 ,  and 7 ,500 pounds g r a i n  m ix tu re  per  cow per  y e a r .  Q u a l i ty  
o f  fo rag e  was assumed to  be a v e ra g e .  With g r a i n  a t  §50 pe r  t o n ,  hay a t  
§22 p e r  t o n  and m i lk  a t  §4.15 p e r  hundredweight  n e t  a t  the  farm, the  most 
p r o f i t a b l e  l e v e l  o f  g r a i n  f e e d in g  was 6 ,000  pounds w i th  a m i lk  o u tp u t  of
11,000 pounds p e r  cow. When m i lk  in  ex cess  o f  10,500 pounds pe r  cow per  
y e a r  was s o ld  a t  $3 .00  p e r  hu n d red w e ig h t ,  t h e  optimum fe e d in g  r a t e  was 
reduced  t o  5 ,000 pounds o f  g r a i n .  When a l l  th e  mi lk  was s o ld  a t  $3 .00  
p e r  h u n d red w e ig h t ,  the  optimum r a t e  was on ly  4 ,0 0 0  pounds of  g r a i n .  With
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a h ig h  g r a i n  p r i c e  o f  $65 p e r  ton  and a low hay p r i c e  of  $2 2 . p e r  to n  the  
most p r o f i t a b l e  f e e d in g  r a t e  was 4 ,5 0 0  pounds of  g r a i n .  This  compared 
with an optimum fe e d in g  r a t e  of  6 , 0 0 0  pounds w i th  a low g r a i n  p r i c e  of  
$50 p e r  ton  and a h igh  hay p r i c e  o f  $35 pe r  to n .  Hoglund concluded from 
th e  above s tudy  t h a t  from an economic s t a n d p o i n t ,  i t  i s  no t  n e c e s s a r y  to  
p i n p o i n t  e x a c t l y  the  most p r o f i t a b l e  l e v e l  o f  g r a i n  f e e d in g .  A range of 
p lu s  o r  minus 500 pounds of g r a i n  f e ed in g  p e r  y e a r  from the  economic 
optimum w i l l  show sm al l  v a r i a t i o n s  in  r e t u r n s  above feed  c o s t s .  H i s s in g  
th e  economic optimum by over  - or  under  - f e e d in g  g r a i n  by 1 , 0 0 0  pounds, 
o r  2 0  p e r  c e n t ,  r e s u l t e d  in  $6 . 0 0  lower r e t u r n  over  c o s t  of  feed  p e r  cow.
Hoglund (65) ,  as w e l l  as  J e n se n  e t  a l .  (81) , m a in ta in e d  t h a t  f o r  
any g iven  cow, as  more g r a i n  i s  f e d ,  one can expec t  h i g h e r  TDN r e q u i r e ­
ments p e r  u n i t  o f  m i lk  o u tp u t  and i n c r e a s e d  t o t a l  c o s t  o f  f e e d .  With 
t h i s  in  mind, th e  fo l lo w in g  s t a t e m e n t  by Hoglund seems a p p r o p r i a t e :
D a i ry  fa rm ers  need t o  be more concerned  abou t  maxi­
m iz ing  r e t u r n s  over  c o s t s  p e r  cow or  pe r  farm th an  a t t a i n ­
ing  th e  low es t  c o s t  p e r  u n i t  o f  m i lk  o u t p u t .  The h i g h e s t  
n e t  r e t u r n  p e r  cow i s  u s u a l l y  ach ieved  a t  a p o i n t  s h o r t  of  
th e  maximum a t t a i n a b l e  p r o d u c t io n  b u t  above th e  lowes t  u n i t  
c o s t  of  m i lk  o u t p u t .  P r o d u c t io n  re sp o n se s  o f  i n d i v i d u a l  
cows to  I n c r e a s e d  g r a i n  f e e d in g  and p r i c e  r e l a t i o n s h i p s  
de te rm in e  t h i s  economic optimum in  feed in g  g r a i n .
I I I .  ESTIMATED NET ENERGY AND FEEDING STANDARDS
Use of  E s t im a ted  Net Energy (ENE) in  C a l c u l a t i o n s  
of Feed Recommendations
The c a l c u l a t i o n s  o f  f e e d in g  recommendations  through the machine 
p ro ce ssed  d a i r y  h e rd  r e c o rd s  program make use of e s t im a te d  n e t  energy  
(ENE) in  a p p ly in g  th e  e s t a b l i s h e d  s t a n d a rd s  to  the problem of  f e e d in g  
each i n d i v i d u a l  cow. This  i s  done in  the  fo l lo w in g  manner.
The q u a n t i t i e s  of  n u t r i e n t s  p rov ided  by the  v a r i o u s  feeds  and 
r a t i o n s  consumed a r e  r e p o r t e d  as  Therms o f  e s t im a te d  n e t  energy  i n t a k e  
from c o n c e n t r a t e s ,  s u c c u l e n t  feed  ( s i l a g e  and g r e e n - c h o p ) , dry  f o r a g e ,  
and p a s t u r e .  On th e  b a s i s  of  s e v e r a l  s t u d i e s  (61,  83, 90,  125) ,  con­
c e n t r a t e s  a r e  e s t im a te d  to  y i e l d  70 Therms of  n e t  energy  pe r  100 pounds 
o f  feed  s t u f f .  Q u a l i t y  codes a r e  used f o r  r e p o r t i n g  the  e s t im a te d  n e t  
energy v a lu e  of  fo rag e  consumed by the  cows e n r o l l e d  in  the  e l e c t r o n i c  
d a t a  machine p ro cessed  d a i r y  p r o d u c t io n  r e c o rd s  program. The q u a l i t y  
codes used in  L o u i s i a n a  and i n s t r u c t i o n s  f o r  r e p o r t i n g  th e s e  q u a l i t y  
codes a r e  shown in  Appendix Table  2a.  These q u a l i t y  codes  i n d i c a t e  the  
Therms of n e t  energy p e r  hundred pounds of feed  i n  the  case  o f  hay and 
dry  f o r a g e ;  and,  depending on s p e c i e s  of  p l a n t ,  has  a range  o f  28 to  40 
Therms ENE per  100 pounds of  hay .  I n  t h e  ca se  o f  s u c c u le n t  f e e d s ,  the  
q u a l i t y  codes i n d i c a t e  the  Therms o f  n e t  energy  p e r  hundred  pounds o f  
dry  m a t t e r  i n  s i l a g e  o r  g reen  chop, and depending  on s p e c i e s  o f  p l a n t  
and s t a g e  of  m a t u r i t y ,  has  a range of  28 to  61 Therms ENE p e r  100
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pounds d ry  m a t t e r .  The q u a l i t y  codes f o r  p a s t u r e  r e p r e s e n t  th e  e s t im a te d  
ne t  energy consumed pe r  hundred  weigh t  of  body s i z e .  These q u a l i t y  codes 
were developed from M o r r i s o n ' s  (116) ENE v a lu e s  a d j u s t e d  to  L o u is ia n a
c o n d i t i o n s .
Q u a l i t y  codes f o r  r e p o r t i n g  e s t im a te d  n e t  energy  v a lu e s  of  Loui­
s i a n a  fo ra g e s  a re  p rov ided  to  the  DHIA S u p e r v i s o r s  i n  t h e  " I n s t r u c t i o n  
Manual f o r  R ep o r t in g  I n d i v i d u a l  Cow Records and Herd Data fo r  C e n t r a l  
P ro c e s s in g "  (143) .  They r e p o r t  on a herd  b a s i s  the  d a i l y  amount of  
fo rage  a c t u a l l y  e a t e n ,  the  q u a l i t y  of  the  fo r a g e ,  and in  case  of s u ccu ­
l e n t  f e e d s ,  the  e s t im a te d  per  c e n t  of  dry m a t t e r .  These v a l u e s ,  in  
a d d i t i o n  to  the r e p o r t e d  body s i z e ,  d a i l y  m ilk  p r o d u c t io n  and b u t t e r f a t  
t e s t ,  a r e  used f o r  c a l c u l a t i n g  the  d a i l y  pounds of  c o n c e n t r a t e s  recom­
mended fo r  each cow.
D ai ly  n e t  energy r eq u i rem en t  f o r  each cow i s  f i r s t  c a l c u l a t e d  
by use of  th e  fo l lo w in g  formula  ( I ) :
(I)
| ^ 7  + .55(X-7)j + Y £^.28 + .0 5 (Z -3 .0 ) j
93 + 2 0 0
100
Energy Requirements  i n  Therms,
D a i ly  Net
Where: X ■ Cow's body weigh t  in  cwt.
Y ■ D a i ly  m i lk  p r o d u c t io n
Z ■ b u t t e r f a t  t e s t .
The above formula  ( I )  was developed  by Jones  (83) on the  b a s i s  o f
n u t r i t i o n a l  s t u d i e s  on energy  r e q u i re m e n t s  of  m i lk  p roduc ing  cows by Ander­
son £it a l .  ( 3 ) ,  Hawkins e t  a_l. (61) and Reid (1 2 5 ) .  Th is  formula  r e a d ­
i l y  ad a p ts  t o  e l e c t r o n i c  d a ta  p r o c e s s in g  machine c a l c u l a t i o n .  The f i r s t
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p a r t  o f  formula ( I )  [ Z . 7 + . 55(X-7)j c a l c u l a t e s  the  i n d i v i d u a l
cow's  ene rgy  r e q u i re m e n t  f o r  m a in tenance .  The second s e c t i o n  
Y [728 + . 0 5 (Z -3 .0 ) j  deve lops  the  energy  r eq u i re m e n t  p e r  pound
of m i lk  a t  the  i n d i v i d u a l  cow's  l e v e l  of  b u t t e r f a t  t e s t .  The t h i r dr _£Tis e c t i o n  o f  the formula j 9 3  + 2 0 0  I i n c r e a s e s  the  energy  req u i rem en t
L 100 7J
a t  an i n c r e a s i n g  r a t e  as d a i l y  p r o d u c t io n  i n c r e a s e s .
A f t e r  d e te rm in in g  the  d a i l y  n e t  energy  r e q u i re m e n t s  f o r  each 
cow, the  d a i l y  e s t im a te d  n e t  energy  consumed from fo rag e  by the average  
cow in  the  h e rd  i s  d e te rm ined  as  shown in  Table 1.
TABLE 1
Determ in ing  D a i ly  E s t im a ted  Net Energy I n ta k e  from Forage
Kind of
Forage Lb/day
Q u a l i t y  7. 
Code D.M.
Ave. Body E s t im a ted  Net 
Wt. ( c w t . )  Energy (Therms)
Hay 10 X .40 4 .0
S i l a g e  (co rn )  20 X .50 X 26 2 . 6
P a s tu r e .40 X 12 4 .8
T o ta l  D a i ly  ENE from Forage 11.4
The Therms of ENE consumed from fo rag e  by the  av e rage  cow in  the  
h e rd  i s  d i v id e d  by th e  average  body w e igh t  of  the  cows in  the  h e rd  to  
d e te rm in e  the  amount of  ENE consumed pe r  hundred  pounds body w e igh t  of 
cow. In  Table  1, the  average  cow consumed 11.4 Therms ENE from fo ra g e  
and weighed 1,200 pounds. D iv id ing  11.4  by 12 e q u a l s  t o  .95 Therms ENE 
consumed p e r  100 pounds of  body w e igh t  by a l l  cows in  the  h e r d .  This  
f a c t o r  ( . 9 5 ) ,  c a l l e d  the  fo rage  f a c t o r  ( F F ) , i s  t h en  used to  a d j u s t  f o r ­
age consumption f o r  each cow in  th e  h e rd  a c c o rd in g  to  h e r  s i z e .  I t  i s
48
assumed t h a t  g iv en  th e  o p p o r tu n i t y  cows w i t h i n  the  same h e rd  w i l l  consume 
fo rag e  in  p r o p o r t i o n  to  body s i z e .  Thus a 1,000 pound cow in  t h i s  he rd  
would consume (10 X .95) c r  9 .5 0  Therms ENE from fo rag e  d a i l y .
The d a i l y  e s t im a te d  n e t  energy  consumed from fo rage  i s  th en  sub­
t r a c t e d  from the  d a i l y  n e t  energy  req u i rem e n t  f o r  each cow. This  lea v e s  
th e  amount o f  e s t i m a t e d  n e t  energy  needed from g r a i n .  The e s t i m a t e d  n e t  
energy  needed from the c o n c e n t r a t e  m ix tu re  i s  m u l t i p l i e d  by the  r e c i p ­
r o c a l  of the p e r  c e n t  e s t i m a t e d  ne t  energy  fo r  the  c o n c e n t r a t e  m ix tu re  
(1 .43  f o r  70 p e r  c e n t  ENE) to  d e te rm ine  the pounds o f  c o n c e n t r a t e s  to  
feed  each cow.
The fo l lo w in g  i s  an  example o f  c a l c u l a t i n g  the  pounds o f  concen­
t r a t e s  recommended fo r  a 1,050 pound cow produc ing  27.53 pounds o f  4 pe r  
c e n t  FCM. Forage fed p e r  cow per  day i s  10 pounds a l f a l f a  hay w i th  q u a l ­
i t y  code 40; 20 pounds corn  s i l a g e  w i th  q u a l i t y  code 50; and g r a z i n g  f a i r  
p a s t u r e .  Average body w eigh t  o f  the  herd  i s  1,200 pounds.
D a i ly  n e t  ene rgy  r e q u i re m e n t  (Therms) 15.34
Using formula  deve loped  by Jones  (8 3 ) .
T o t a l  d a i l y  ENE from fo rag e  (Therms) 9 .98
Forage F a c t o r  ( .9 5 )  X cwt. body wt .  (10 .5 )
ENE needed from g r a i n  (Therms) 5.36
G ra in  needed (pounds)  7 .66
(5 .36  X 1.43)
This  recommendation o f  7 .70  pounds of  g r a i n  i s  r e p o r t e d  on the  
d a i r y m a n ' s  monthly DHIA r e p o r t  as th e  pounds of  c o n c e n t r a t e s  i n d i c a t e d  to  
feed  t h i s  cow a c c o rd in g  to  pounds of  m i lk  p roduced ,  b u t t e r f a t  t e s t ,  body 
w e i g h t ,  th e  amount and q u a l i t y  of  fo rag e  b e in g  consumed, and the  energy  
v a lu e  of  the  c o n c e n t r a t e s .
49
Value o f  Q u a l i t y  Codes f o r  R e p o r t i n g  A c tu a l  ENE 
(Farm) Value o f  Feeds
Reid  (125) h a s  p o i n t e d  ou t  t h a t  t h e  use  o f  i n d i r e c t  methods of 
n u t r i t i v e  e v a l u a t i o n  and th e  use  of  h i g h - s p e e d  computing d e v ic e s  i n  
v a r i o u s  d a i r y  p r o d u c t i o n  r e c o r d s  p r o c e s s i n g  c e n t e r s  has  made i t  p o s s i b l e  
t o  compute a c c u r a t e l y  t h e  amount and k in d s  o f  c o n c e n t r a t e s  needed by the  
i n d i v i d u a l  cow and r e l a y  t h e  i n f o r m a t i o n  to  th e  da iryman as  a p r a c t i c a l  
f e e d i n g  recommendation.  Senger  (140) o f  North C a r o l i n a  s t a t e d  t h a t  
r e p o r t s  o f  da i rymen i n d i c a t e  t h a t  when th e  q u a n t i t y  and q u a l i t y  of fo rage  
i s  a c c u r a t e l y  r e p o r t e d ,  t h e  c o n c e n t r a t e s  recomnended can  be fo l lowed 
a lm o s t  l i t e r a l l y  and w i th  e x c e l l e n t  p r o d u c t io n  r e s u l t s .
Jones  (83) r e p o r t e d  t h a t  th e  system used in  computing g r a i n  
r e q u i r e m e n t s  on c e n t r a l l y  p r o c e s s e d  DHIA r e c o rd s  o f f e r s  th e  dairyman th e  
most a c c u r a t e  method he h a s  e v e r  had a v a i l a b l e  t o  him i n  f e e d in g  f o r  
h ig h  p r o f i t a b l e  p r o d u c t i o n .  However,  t h e r e  a r e  l i m i t a t i o n s  t o  th e  s y s ­
tem which can r e s u l t  i n  f a u l t y  g r a i n  f e e d in g  recommendat ions .  These 
l i m i t a t i o n s  a r e  t h e  need f o r ;  1 . )  a c c u rac y  i n  r e p o r t i n g  fo ra g e  q u a l i t y ;  
2 . )  a c c u r a c y  i n  r e p o r t i n g  d a i l y  i n t a k e  o f  f o r a g e ;  3 . )  a c c u ra cy  i n  r e p o r t ­
in g  d ry  m a t t e r  c o n t e n t  o f  s i l a g e s ;  and 4 . )  a c c u ra cy  i n  r e p o r t i n g  body 
w e ig h t  o f  cows. The f o l lo w in g  n o te  was made in  th e  " I n s t r u c t i o n  Manual 
f o r  R e p o r t i n g  I n d i v i d u a l  Cow Records  and Herd Data f o r  C e n t r a l  P r o c e s s ­
in g "  (1 4 3 ) ,
E r r o r s  i n  r e p o r t i n g  amounts and q u a l i t y  o f  f o r a g e s  
consumed and body w e ig h t s  w i l l  c au se  e r r o r s  i n  th e  
amount o f  c o n c e n t r a t e s  i n d i c a t e d  t o  feed  each  cow as  
f o l l o w s :
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E r r o r  In  R e p o r t in g
E f f e c t  on Pounds o f  C o n c e n t r a t e s  
I n d i c a t e d  p e r  Cow_________
2 pounds hay p e r  cow p e r  day 
5 pounds s i l a g e  p e r  cow p e r  day
1 g rade  i n  q u a l i t y
2 p e r  c e n t  i n  d ry  m a t t e r  
1 0 0  pounds body w t . o f  cow
1 pound 
1 pound
2 o r  more pounds 
1 pound 
1 t o  2 pounds
E r r o r s  i n  r e p o r t i n g  amounts and q u a l i t y  o f  fo ra g e  and amount 
o f  c o n c e n t r a t e s  w i l l  a l s o  r e s u l t  i n  e r ro n e o u s  f e e d in g  in d ex ,  
r a t e  o f  fo ra g e  f e e d i n g ,  p e r  c e n t  n e t  ene rgy  from v a r i o u s  
s o u rc e s  o f  f e e d ,  feed  c o s t  and income over  feed  c o s t s .  (143)
E d u c a t io n a l  e f f o r t s  t o  improve d a i r y  c a t t l e  f e e d in g  have been
slowed because  o f  th e  l a c k  o f  f a c t s  on q u a l i t y  of f o r a g e s .  J o n e s  (83) 
a l s o  s t a t e d  t h a t  when th e  e l e c t r o n i c  d a t a  p r o c e s s i n g  machine r e c o r d  system 
was b e in g  s e t  up in  Alabama th e  l a ck  o f  knowledge of  f o r a g e  q u a l i t y  became 
a r e a l  problem i n  d e v e lo p in g  q u a l i t y  codes  t h a t  s u p e r v i s o r s  would u s e .
Here was a program t h a t  p ro v id e d  th e  g r e a t e s t  h e l p  i n  f e e d in g  t h a t  had 
^ been  o f f e r e d  da i rym en ,  y e t  d e s i r e d  r e s u l t s  were n o t  b e in g  o b ta in e d
because  o f  l i m i t e d  knowledge i n  a s s i g n i n g  q u a l i t y  codes t o  f o r a g e s  b e in g  
fed by da i rym en .  As a p o s s i b i l i t y  f o r  d e v e lo p in g  b e t t e r  q u a l i t y  codes  
f o r  r e p o r t i n g  fo ra g e  q u a l i t y ,  s e v e r a l  s t a t e s  have conduc ted  s t u d i e s  t o  
d e te rm in e  th e  r e l i a b i l i t y  o f  a chem ica l  a n a l y s i s  o f  fo ra g e  when used to  
d eve lop  g r a i n  f e e d in g  n e e d s .  As a r e s u l t  o f  t h e s e  s t u d i e s  ( 8 3 ) ,  a number 
o f  s t a t e s  have deve loped  fo rm ulas  f o r  c a l c u l a t i n g  feed  v a lu e  and q u a l i t y  
codes  from th e  r e s u l t s  o f  chem ica l  a n a l y s i s  o f  th e  f o r a g e .  The c a l c u l a t e d  
f eed  v a l u e  o f  th e  fo ra g e  on an  "as  f ed "  b a s i s  i s  g iv e n  f o r  e s t i m a t e d  
d i g e s t i b l e  p r o t e i n ,  t o t a l  d i g e s t i b l e  n u t r i e n t s ,  and e s t i m a t e d  n e t  e n e r g y .  
The q u a l i t y  codes  a r e  a v a i l a b l e  f o r  use by th e  DHIA s u p e r v i s o r  t o  r e p o r t  
th e  q u a l i t y  o f  f o r a g e s  on th e  month ly  DHIA r e c o r d .
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C o s ts  o f  ENE in  Feeds  as  Repor ted  and C a l c u l a t e d  In  th e  
Machine P ro c e s s e d  D a i ry  Herd Records  Program
The e l e c t r o n i c  d a t a  p r o c e s s i n g  machine sys tem  o f  c a l c u l a t i n g  c o s t s  
o f  ENE from fo ra g e  c h a r g e s  a l l  h a r v e s t e d  f o r a g e s  a t  t h e i r  "good" hay 
e q u i v a l e n t  v a l u e s  ( q u a l i t y  code 40) and p a s t u r e  a t  o n e - h a l f  o f  i t s  "good" 
hay e q u i v a l e n t  (1 4 3 ) .  Appendix  T ab le s  3a ,  4a ,  5a ,  6 a ,  and 7a show how 
to  d e te rm in e  q u a l i t y  r a t i n g s  o f  e x c e l l e n t ,  good, f a i r ,  and poor  f o r  v a r i ­
ous f o r a g e s .  Table  2,  d eve loped  by E x te n s io n  Dairy  S p e c i a l i s t s  working  
w i th  p r o d u c t io n  t e s t i n g  i n  th e  S o u t h - e a s t e r n  s t a t e s ,  shows th e  r e l a t i v e  
d o l l a r  v a lu e  o f  hays  and s u c c u l e n t  f e e d s  a c c o r d i n g  t o  t h e i r  q u a l i t y  code .
TABLE 2
R e l a t i v e  D o l l a r  Value o f  Hays and S u c c u le n t  Feeds 
A ccord ing  t o  t h e i r  Q u a l i t y  Codes
Feed
Q u a l i t y
Code
D o l l a r Value p e r  Ton o f  
Hay E q u i v a l e n t
"Good"
"Good" Hay E a u i v a l e n t 40 $ 2 0 $25 $30 $35 $40 $45 $50
Hay
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P r i c e  o f  Hav p e r  Ton A ccord ing  to  
Q u a l i t y  Code
23 29 35 41 47 52 58
41 19 24 28 33 38 43 48
37 17 2 2 26 30 34 39 43
31 14 18 2 2 25 29 33 36
----- 25 1 2 15 17 2 0 23 26 29
G rass  s i l a g e  
o r
o t h e r  s u c c u l e n t  
feed 63
P r i c e  o f  S i l a g e  p e r  Ton Accord ing  
to  Q u a l i t y  Code
7 10 11 12 14 16 18
56 7 8 1 0 1 2 13 14 17
48 6 8 9 1 1 12 13 15
46 6 8 9 11 12 13 15
41 6 7 8 1 0 11 13 14
34 5 7 8 9 11 1 2 13
Corn s i l a g e 61 9 1 1 13 15 18 2 0 2 2
52 7 8 1 0 1 1 13 15 16
42 5 6 8 9 1 0 1 2 13
52
To use t h e  t a b l e ,  DHIA S u p e rv is o r s  o b t a i n  from th e  dairyman the  
p r i c e  o f  h i s  hay c o r re s p o n d in g  w i th  the  approx im ate  q u a l i t y  code .  The 
d o l l a r  v a lu e  o f  "good" hay e q u i v a l e n t ,  g iv en  a t  the  top o f  the  column, 
i s  r e p o r t e d  on the  b a rn  s h e e t .  For example, i f  hay q u a l i t y  code 37 i s  
p r i c e d  a t  $30 pe r  t o n ,  the  p r i c e  to  r e p o r t  on a "good" hay e q u i v a l e n t  
b a s i s  i s  $35 p e r  t o n .  I f  two or  more fo ra g e s  a r e  b e ing  f e d ,  an  a v e r ­
age o r  p r o p o r t i o n a t e  p r i c e  t h a t  i s  r e p r e s e n t a t i v e  of  th e  herd  i s  
r e p o r t e d .  For example, i f  c o rn  s i l a g e  q u a l i t y  code 52 i s  be ing  fed 
w i th  the  above h a y ,  and p r i c e d  a t  $8 . pe r  to n ,  the  $ 8  shown o p p o s i t e  
q u a l i t y  code 52 i s  fo l lowed  to  the  top  o f  the  column and $25 i s  found 
as  the  "good” hay e q u i v a l e n t  v a lu e  per  to n  f o r  the  s i l a g e .  An average  
o f  the  $25 and $35 would be $30, the  p r i c e  to  be r e p o r t e d  on th e  b a rn  
s h e e t  f o r  the  hay e q u i v a l e n t  o f  hay and s i l a g e .
This  r e p o r t e d  p r i c e  of  "good" hay e q u i v a l e n t  i s  used to  c a l c u l a t e  
t h e  c o s t  of  e s t im a te d  n e t  energy  p e r  Therm in  hay and s u c c u l e n t  f e e d s .  
For  example, i f  "good" hay e q u i v a l e n t  ( q u a l i t y  code 40) i s  p r i c e d  a t  $30 
pe r  to n ,  the  c a l c u l a t i o n s  a r e  as fo l lo w s :
2000 X .40  “ 800 Therms/Ton
$30 -1 800 -  $0.0375 p e r  Therm
P a s tu r e  i s  charged  a t  o n e - h a l f  the  p r i c e  of  "good" hay .  The n e t
c o s t  p e r  to n  o f  the  c o n c e n t r a t e  m ix tu re  d e l i v e r e d  to  th e  b a rn  i s  a l s o  
r e p o r t e d  on the  b a rn  s h e e t .  The c o s t  o f  e s t i m a t e d  n e t  energy  p e r  Therm 
i n  a c o n c e n t r a t e  m ix tu re  (70 Therms ENE p e r  c w t . )  p r i c e d  a t  $60 per  ton  
would be c a l c u l a t e d  as  shown below:
2000 X .70 * 1400 Therms/Ton 
$60 ~  1400 ■ $0.0429 p e r  Therm
IV. STATEMENT OF THE PROBLEM
The L o u i s i a n a  da i ryman i s  concerned  w i th  th e  im p o r ta n t  problem 
of what shou ld  be th e  so u rc e  o f  feed  n u t r i e n t s  and a t  what  l e v e l  t h e s e  
should  be fed f o r  h ig h  l e v e l  of  m i lk  p r o d u c t i o n  and maximum income over  
feed  c o s t  p e r  cow. R esea rch  w orkers  t h ro u g h o u t  th e  n a t i o n  have r e p o r t e d  
many s i g n i f i c a n t  f i n d i n g s  i n  s t u d i e s  of  d a i r y  c a t t l e  n u t r i t i o n .  Many of  
t h e s e  s t u d i e s  have  been conce rned  w i th  t h e  r a t i o s  o f  fo ra g e  to  concen ­
t r a t e  and d e a l  w i th  t h e i r  e f f e c t s  upon d i g e s t i b i l i t y .  S t u d i e s  d e a l i n g  
w i th  ene rgy  r e q u i r e m e n t s  and p h y s i o l o g i c a l  r e s p o n s e  of d a i r y  c a t t l e  co n ­
d u c ted  in  o t h e r  s t a t e s  may n o t  a p p ly  to  L o u i s i a n a  b e c au se  of  th e  s t a t e ' s  
h ig h  h u m id i ty ,  ex t rem e h e a t ,  and l a r g e  f l u c t u a t i o n s  in  t e m p e r a t u r e .  In  
l i g h t  of th e  l i m i t e d  i n f o r m a t i o n  on how to  feed  the  d a i r y  cow f o r  maximum 
r e t u r n  o ver  feed  c o s t  under  L o u i s i a n a  c o n d i t i o n s ,  i t  i s  o f  v i t a l  i n t e r e s t  
to  s tu d y  th e  l e v e l  and s o u r c e s  o f  n u t r i e n t s  and t h e i r  r e l a t i o n  to  m i lk  
p r o d u c t i o n  and income over  feed  c o s t  i n  L o u i s i a n a .  This  shou ld  be impor­
t a n t  from th e  s t a n d p o i n t  of  fundam en ta l  i n f o r m a t i o n  and as  a p o s s i b l e  key 
to  a so u rc e  o f  n u t r i e n t s  or  a co m b in a t io n  o f  s o u r c e s  t h a t  would le a d  t o  
i n c r e a s e d  p r o d u c t io n  p e r  cow in  th e  most e f f i c i e n t  way.
The im por tance  o f  an a d e q u a te  supp ly  o f  e n e rg y  i n  th e  r a t i o n s  of  
d a i r y  c a t t l e  has  been  s t r e s s e d  by numerous w r i t e r s .  F l a t t  (42) r e p o r t e d  
t h a t  "A l i m i t e d  en e rg y  su p p ly  more f r e q u e n t l y  r e t a r d s  t h e  growth of  d a i r y  
c a t t l e  and lowers  m i lk  p r o d u c t i o n  th a n  does  a d e f i c i e n c y  o f  any o t h e r  
n u t r i e n t . "  The rev iew  of  l i t e r a t u r e  has  made i t  a p p a r e n t  t h a t  u n d e r f e e d in g
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i s  a m ajor  f a c t o r  c o n t r i b u t i n g  to  the  low l e v e l  of m i lk  p r o d u c t io n  in 
many of  th e  d a i r y  h e rd s  in  the  South .  This  low l e v e l  of m i lk  p ro d u c t io n  
c o n s t i t u t e s  one of the  major  problems c o n f r o n t i n g  the d a i r y  i n d u s t r y  in  
L o u i s i a n a .  Research  and E x te n s io n  workers  have reco g n ized  f o r  y e a r s  the  
l i m i t a t i o n  p laced  on p r o d u c t io n  by low energy  in t a k e  i n  many h e r d s .  To 
reach  the  h i g h e r  l e v e l s  of  m i lk  p r o d u c t io n ,  dairymen must be p rov ided  
w i th  f e e d in g  s ta n d a rd s  t h a t  w i l l  a l low  th e  h igh  p o t e n t i a l  cows in  t h e i r  
h e rd s  to  produce a t  a r a t e  in  keep ing  w i th  t h e i r  a b i l i t y ,  l i m i t e d  by 
economic f a c t o r s  in  the  i n d i v i d u a l  herd  t h a t  w i l l  de te rm ine  p r o f i t a b l e  
f e e d in g  l e v e l s .  P r e s e n t  day f e e d in g  s t a n d a rd s  may be adequa te  f o r  low 
p r o d u c t io n  l e v e l s  b u t  a r e  i n  no way cap ab le  o f  m a in t a i n i n g  and induc ing  
p r o d u c t io n  from t o d a y ' s  h igh  p o t e n t i a l  cows.
The c a l c u l a t i o n s  o f  f e e d in g  recommendations through e l e c t r o n i c  
d a t a  p r o c e s s i n g  machine (EDFM) d a i r y  he rd  p r o d u c t io n  r e c o rd s  program 
make use o f  e s t i m a t e d  n e t  energy in  a p p ly in g  the  e s t a b l i s h e d  feed in g  
s t a n d a rd s  t o  the  problem of f e e d in g  each i n d i v i d u a l  cow. There i s  need 
to  use t h e s e  a v a i l a b l e  d a t a  from EDPM d a i r y  p r o d u c t io n  r e c o rd s  t o  d e t e r ­
mine the  adequacy of e s t i m a t e d  n e t  energy  i n t a k e  from d a i r y  c a t t l e  r a t i o n s  
i n  L o u i s i a n a  f o r  m i lk  p r o d u c t io n  and m a in ten an ce .  This  i n f o r m a t io n  can 
be o f  v a lu e  i n  a s s i s t i n g  L o u i s i a n a  dairymen in  e v a l u a t i n g  and improving 
t h e i r  y e a r - ro u n d  fe e d in g  program, thus  r e s u l t i n g  in  i n c r e a s e d  e f f i c i e n c y  
of  m i lk  p r o d u c t io n .
The p r im ary  o b j e c t i v e s  of t h i s  s tudy  were :
(1) To d e te rm ine  e s t i m a t e d  n e t  energy  i n t a k e  from v a r i o u s  sou rces  
o f  f e e d s  used in  f e e d in g  L o u i s i a n a  d a i r y  cows e n r o l l e d  in  DHIA r e c o r d s .
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(2)  To d e te rm in e  th e  amount o f  e s t i m a t e d  n e t  energy  i n t a k e  from 
t h e s e  feed  s o u rc e s  needed f o r  maximum m i lk  p r o d u c t i o n  p e r  cow.
(3) To d e te rm in e  w he the r  the  p r e s e n t l y  recommended e s t i m a t e d  n e t  
energy  i n t a k e  f o r  m a in tenance  and m i lk  p r o d u c t i o n  i s  ad eq u a te  f o r  d a i r y  
cows in  L o u i s i a n a .
(4) To d e te rm in e  the  amount o f  e s t i m a t e d  n e t  ene rgy  i n t a k e  from 
th e  v a r i o u s  s o u rc e s  o f  feed s  used in  t h i s  s tu d y  needed f o r  maximum 
income over  feed  c o s t  p e r  cow.
The f o l lo w in g  h y p o th e se s  were deve loped  to  g u ide  t h i s  s tu d y :
(1) That t h e r e  i s  c o n s i d e r a b l e  v a r i a t i o n  in  c o n c e n t r a t e  t o  fo ra g e  
r a t i o  in  d a i r y m e n ' s  f e e d in g  programs th ro u g h o u t  th e  y e a r  in  L o u i s i a n a .
(2) That Therms o f  e s t i m a t e d  n e t  ene rgy  i n t a k e  from d i f f e r e n t  
s o u rc e s  o f  feed  ( c o n c e n t r a t e ,  s i l a g e ,  h a y ,  p a s t u r e )  a r e  e q u a l l y  e f f e c ­
t i v e  in  i n c r e a s i n g  m i lk  p r o d u c t i o n .
(3) That t h e r e  i s  a l i n e a r  r e l a t i o n s h i p  between m ilk  p r o d u c t io n  
and e s t i m a t e d  n e t  ene rgy  i n t a k e .
(4) That th e  p r e s e n t  f e e d in g  recommendation o f  15.4  Therms o f  
e s t i m a t e d  n e t  ene rgy  p e r  day f o r  a L o u i s i a n a  d a i r y  cow w eig h in g  1,050 
pounds and p ro d u c in g  27.53 pounds o f  4 p e r  c e n t  m i lk  d a i l y  i s  a d e q u a t e .
(5)  That  an  i n c r e a s e  i n  e s t i m a t e d  n e t  en e rg y  i n t a k e  r e s u l t i n g  in  
an i n c r e a s e  i n  m i lk  p r o d u c t io n  p e r  cow in  L o u i s i a n a  w i l l  a l s o  i n c r e a s e  
income o ver  feed  c o s t  p e r  cow.
V. EXPERIMENTAL PROCEDURE
Data f o r  t h t s  s tu d y  were o b ta in e d  from Dairy  Herd Improvement 
A s s o c i a t i o n  (DHIA) r e c o rd s  on a monthly h e rd  t o t a l  b a s i s .  The monthly 
herd  t o t a l s  f o r  th e  p e r io d  from J a n u a ry ,  1962 th rough  March, 1964, 
u s in g  L o u i s i a n a  J e r s e y ,  Guernsey and H o l s t e i n  h e r d s ,  whose r e c o r d s  were 
p ro c e sse d  by e l e c t r o n i c  d a t a  p r o c e s s i n g  machines (EDPM) were used .  One 
thousand and f o u r t e e n  (1 ,014)  h e rd  month o b s e r v a t i o n s  were made r e p r e ­
s e n t i n g  1 ,604 ,846  cow days  In  m i lk .
The EDPM number 10 ca rd  (Monthly Herd T o t a l )  and th e  EDPM number 
2 c a rd  (Monthly Herd Feed I n p u t )  were p ro v id e d  by the  D airy  Records P ro ­
c e s s i n g  C e n te r ,  R a l e ig h ,  North C a r o l i n a  f o r  use i n  th e  s tu d y .  The i n f o r ­
m at ion  o b ta in e d  from th e s e  c a r d s  and used in  t h i s  s tu d y  i s  shown on page 
57 in  the  lay o u t  o f  the  m a s t e r  c a rd  deve loped  from the  EDPM number 10 and 
number 2 c a r d s .
The f e e d in g  programs were e v a l u a t e d  by u s in g  t o t a l  Therms o f  e s t i ­
mated n e t  energy  (ENE) from c o n c e n t r a t e s ,  s i l a g e ,  dry  fo ra g e  ( h a y ) ,  and 
p a s t u r e  consumed f o r  cow days i n  m i lk .  C o n c e n t r a t e s  were e s t i m a t e d  to  
y i e l d  70 Therms of n e t  energy  p e r  100 pounds of f e e d s t u f f .  Therms o f  
e s t i m a t e d  n e t  energy  i n t a k e  from each c l a s s  of  fo ra g e  fed  were c a l c u l a t e d  
on th e  b a s i s  o f  r e p o r t e d  q u a l i t y  as  d e te rm in ed  from t a b l e s  f u r n i s h e d  the  
DHIA s u p e r v i s o r s .  These q u a l i t y  co d es ,  based  on s p e c i e s  o f  p l a n t  and 






Cow Days on T es t
Cow Days in  Milk
T o ta l  pounds 
Milk - cwt.
T o ta l  pounds 
B.F.  -  10 pounds
T o ta l  pounds 
4 per  c e n t  Milk - cwt.
C o n c e n t r a t e s  - cwt. 
Therms ENE
S i l a g e  - cwt.  
Therms ENE
Dry Forage (Hay) -
cwt.  Therms
ENE
P a s t u r e  - cwt.
Therms
ENE
Value of  
Produc t  
$10 U ni t
Cost of  
C o n c e n t r a t e s  
$10 Unit
Cost of  
Forage 




Av. Body Wt. to  
10 pounds f o r  Herd
i n  the  case  of hay or dry  fo rage  and the  Therms o f  n e t  energy  p e r  pound 
o f  d ry  m a t t e r  i n  the  case  o f  s u c c u le n t  f e e d s .  The q u a l i t y  codes fo r  
p a s t u r e  r e p r e s e n t  th e  e s t i m a t e d  n e t  energy consumed p e r  cwt ,  of  body s i z e .  
Dry m a t t e r  c o n t e n t  o f  s u c c u l e n t  f o r a g e s  were based  on s i m i l a r  t a b l e s .
A l l  r e c o rd s  were c o n v e r te d  t o  4 p e r  c e n t  f a t - c o r r e c t e d  m i lk  (4 per  
c en t  FCM) by a formula  deve loped  by Gaines  ( 5 1 ) .  This  was done i n  o rd e r
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to  make energy  in p u t  t o  m i lk  o u tp u t  s t u d i e s  p o s s i b l e  on an equa l  energy 
b a s i s .  The average  cow in  t h i s  s tudy  weighed 1,050 pounds. On the  b a s i s
of  t h i s  weigh t  each cow had a d a i l y  main tenance  r e q u i re m e n t  of  6 .63 Therms.
There were 346,186 cow days d ry  in  t h i s  s tu d y .  The m ain tenance  ENE f o r
the  d ry  cows were removed in  o b t a i n i n g  the  d a t a  fo r  cows in  m i lk .
R eg res s io n  o f  4 pe r  c e n t  f a t - c o r r e c t e d  m ilk  (4 p e r  c e n t  FCM) on
e s t im a te d  n e t  energy  i n t a k e  was made to  show the v a lu e  o f  ENE i n t a k e  from
d i f f e r e n t  so u rces  o f  feed  on milk  p r o d u c t io n .  T es t  f o r  c u r v i l i n e a r i t y  
was a l s o  made. The s t a t i s t i c a l  t r e a tm e n t  of  the  d a t a  was a l e a s t  square  
a n a l y s i s  (96, 119) .  The m a th em a t ica l  model was as  fo l lo w s :
2 2 2 2
■ H b j^Xj -I b 2 X? +  b 3 X3 +  b 4 X4  +  b 5X 5 +  b &X2 +  b ?X3 +  b gX 4  +  b 9X 5 i
Where:
Y r e p r e s e n t s  FCM ( i n  cwt.  on a h e rd  month b a s i s )
a r e p r e s e n t s  the  Y i n t e r c e p t  ( th e  l e v e l  o f  Y a t  X ■ 0
X^ r e p r e s e n t s  cow days in  m i lk  (where one cow m i lk in g  one day 
eq u a l s  one cow day in  m i lk )
X2 r e p r e s e n t s  Therms of  ENE from c o n c e n t r a t e s  ( i n  cwt.  on a he rd  
month b a s i s )
X3 r e p r e s e n t s  Therms o f  ENE from s i l a g e  ( i n  cwt, on a h e rd  month 
b a s i s )
X^ r e p r e s e n t s  Therms of  ENE from hay ( i n  cwt .  on a h e rd  month b a s i s )
X^ r e p r e s e n t s  Therms o f  ENE from p a s t u r e  ( i n  cwt.  on a h e rd  month
b a s i s )
b^ a r e  p a r t i a l  r e g r e s s i o n  c o e f f i c i e n t s .
R e g re s s io n  o f  income over  feed  c o s t  on e s t i m a t e d  n e t  energy  in t a k e  
was a l s o  made to  d e te rm ine  the  v a lu e  of  ENE i n t a k e  from d i f f e r e n t  so u rces  
o f  feed  on income over  feed c o s t .
VI. RESULTS AND DISCUSSIONS 
Sources  o f  E s t im a ted  Net Energy
Sources  of  e s t i m a t e d  n e t  ene rgy  (ENE) f o r  m a in te n a n ce  and m i lk  
p r o d u c t i o n  by months f o r  1 ,014 h e rd  month o b s e r v a t i o n s  a r e  shown in  
T ab le  3. C o n c e n t r a t e s ,  s u p p l i e d  51.21 p e r  c e n t  of  t h e  t o t a l  ENE fo r  
th e  p e r i o d  cove red  i n  t h i s  s tu d y ,  which was from J a n u a r y ,  1962 th rough  
March, 1964. The rem ain ing  48 .7 9  p e r  c e n t  s u p p l i e d  by fo ra g e  came from 
t h e  f o l l o w i n g  s o u r c e s :  s i l a g e ,  11.76 p e r  c e n t ;  hay ,  14.98 p e r  c e n t ;
and p a s t u r e ,  22 .05  p e r  c e n t .
The i n f l u e n c e  of  c o n c e n t r a t e s  as  a m a jo r  so u rce  o f  e s t i m a t e d  
n e t  ene rgy  i s  r e a d i l y  a p p a r e n t .  The p e r c e n t a g e  o f  t o t a l  ENE s u p p l i e d  
by c o n c e n t r a t e s  ranged  from 48 .11  t o  5 5 .8 1 .  R e g a r d l e s s  o f  t h e  a v a i l ­
a b i l i t y  of  ENE from o t h e r  s o u r c e s ,  c o n c e n t r a t e s  s u p p l i e d  abou t  an e q u a l  
p r o p o r t i o n  o f  t o t a l  ENE f o r  each  month of th e  y e a r .  There  was v e r y  l i t t l e  
v a r i a t i o n  i n  c o n c e n t r a t e  t o  fo ra g e  r a t i o  t h ro u g h o u t  t h e  p e r i o d  o f  t h i s  
s t u d y .  The a v e ra g e  c o n c e n t r a t e  t o  fo ra g e  r a t i o  was 51 .21  : 48 .7 9  w i t h  a 
r ange  of  48 .11  : 51 .89  in  th e  month o f  December to  5 5 .8 1  : 4 4 .1 9  in  t h e  
month of  May,
S i l a g e  s u p p l i e d  an a v e ra g e  of  11.76 p e r  c e n t  of  t h e  t o t a l  ENE 
i n t a k e  w i th  a range  o f  from 3 .9 5  p e r  c e n t  d u r in g  th e  month o f  A p r i l  t o  
17.65 p e r  c e n t  d u r in g  th e  month o f  O c to b e r .  Th is  i s  as  e x p e c t e d  s i n c e  
few dairymen i n  L o u i s i a n a  a r e  i n c l u d i n g  s i l a g e  i n  t h e i r  f e e d i n g  program.  




Average Sources  o f  E s t im a ted  Net Energy (ENE) f o r  M ain tenance  and 
Milk P r o d u c t i o n  by Months f o r  1 ,014 Herd Month O b s e r v a t i o n s 3
Per  c e n t  of  T o t a l  ENE from
FCM/Cow/Day ENE/Cow/Day Concen- Dry
Month l b . (Therms) t r a t e s S i laRe ForaRe P a s t u r e
J a n u a ry 27.13 18.23 4 9 .2 6 15.40 23.29 12.05
F eb ru a ry 26.52 17.60 49 .19 1 0 . 2 2 23.65 16.94
March 26.71 16.70 49 .22 9 .05 17.64 24.09
A p r i l 27.58 14.85 53 .39 3.95 6.83 35.83
May 26.94 15.00 55.81 4 .11 9 .42 30 .66
June 26 .46 15.83 53.72 7.21 11.82 27.25
J u l y 27 .54 17.57 50 .56 5.27 8 . 0 2 36.15
August 28.28 17.72 50 .98 10.96 6 .08 31 .98
September 28.63 16.62 54 .24 9.51 7 .24 29 .01
October 28 .28 16.48 54 .35 17.65 10.30 17.70
November 27 .95 17.87 51.81 16.86 16.00 15.33
December 28 .40 18.58 48 .1 1 16.51 19.69 15.69



















a The month ly  a v e ra g e s  a r e  from J a n u a r y ,  1962 th rough  March,  1964.
61
th e  months o f  October  through J a n u a ry .  The l e a s t  amounts o f  s i l a g e  was 
fed d u r in g  the  months o f  A p r i l  th rough  J u l y .  This  i s  a l s o  as  expec ted  
s in c e  a l a r g e r  amount o f  s i l a g e  i s  fed  d u r in g  p e r io d s  o f  l e s s  a v a i l a b l e  
p a s t u r e .  Most o th e r  s t a t e s ,  i n c l u d i n g  the  s o u th e rn  s t a t e s ,  make g r e a t e r  
use o f  s i l a g e  i n  t h e i r  f e e d in g  programs than  L o u i s i a n a .  J a r r e t t  and 
F o sg a te  (79) found t h a t  s i l a g e  p rov ided  23 p e r  c e n t  of the  t o t a l  ENE 
in t a k e  consumed by d a i r y  cows in  th e  s t a t e  of  G eorg ia .
Dry fo rag e  (hay) s u p p l i e d  a l a r g e r  per  cen t  of the t o t a l  ENE 
in t a k e  th a n  s i l a g e .  An average  of  14.98 p e r  c en t  o f  the  t o t a l  ENE 
i n t a k e  came from hay w i th  a range o f  from 6 .08 pe r  c e n t  d u r in g  th e  month 
o f  August t o  23.65 p e r  c e n t  d u r in g  the  month of  F e b ru a ry .  Data i n  Table 
3 i n d i c a t e  t h a t ,  s i m i l a r  t o  s i l a g e ,  more hay was fed  d u r in g  p e r io d s  of 
l e s s  a v a i l a b l e  p a s t u r e .
P a s tu r e  c o n t r i b u t e d  an average  o f  22.05 per  c e n t  o f  th e  t o t a l  ENE 
i n t a k e  w i th  a range of from 12.05 p e r  c e n t  d u r in g  th e  month of  J anuary  
to  36.15 p e r  c e n t  d u r in g  the  month of  J u l y  f o r  the  p e r io d  s t u d i e d .  The 
average  of  22.05 p e r  c e n t  i s  below e x p e c t a t i o n s  f o r  normal  L o u is ian a  
c o n d i t i o n s .  However, the  abnorm al ly  d ry  and co ld  w ea th e r  c o n d i t i o n s  
d u r in g  1962 and 1963 p robab ly  accoun ted  f o r  t h i s  sm a l l  c o n t r i b u t i o n  to  
m i lk  p r o d u c t io n  by p a s t u r e  i n  L o u i s i a n a  d u r in g  t h i s  p e r i o d .  A s i m i l a r  
s i t u a t i o n  was found in  Georg ia  by J a r r e t t  and F osga te  (79) who found 
t h a t  p a s t u r e  c o n t r i b u t e d  on ly  23 p e r  c e n t  of  the  t o t a l  ENE i n t a k e  d u r ­
ing the  p e r io d  from F eb ru a ry ,  1960 through A p r i l ,  1962. However, t h e se  
workers  found t h a t  the  p a r t i a l  r e g r e s s i o n  of  Therms ENE on pounds FCM 
was s i g n i f i c a n t l y  h i g h e r  (P ^ . 0 1 )  from a p a s t u r e  sou rce  than  from 
c o n c e n t r a t e s ,  h a y ,  or  s i l a g e .
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Data In  Table  4 ,  "Average D a i ly  Milk P r o d u c t io n  and E s t im a ted  Net 
Energy (ENE) I n ta k e  f o r  Maintenance and Milk P r o d u c t io n  by Months fo r  
1 ,014 Herd Month O b s e r v a t i o n s , "  i n d i c a t e  t h a t  0 .62  Therms ENE was needed 
f o r  m ain tenance  and milk  p r o d u c t io n  by the ave rage  cow in  t h i s  s tu d y .
This r e s u l t e d  i n  1.61 pounds FCM produced p e r  T h e m  ENE i n t a k e .  The a v e r ­
age cow in  t h i s  s tudy  weighed 1,050 pounds and produced 27.53 pounds FCM 
p e r  day.
One of  the  hyp o th ese s  deve loped  to  gu ide  t h i s  s tu d y  was t h a t  t h e r e  
i s  c o n s id e r a b l e  v a r i a t i o n  in  the  c o n c e n t r a t e  t o  fo rag e  r a t i o  i n  the  d a i r y  
f e e d in g  programs in  L o u i s i a n a .  The av erage  p e r  c e n t  and range by months 
of  the  t o t a l  ENE f u r n i s h e d  from d i f f e r e n t  s o u rc e s  i s  g iven  a t  the  bottom 
of  Table  3.  C o n c e n t r a te s  e x h i b i t e d  a sm al l  monthly  v a r i a t i o n  (48 .11  - 
55.81 p e r  c e n t ) .  This  i n d i c a t e s  t h a t  r e g a r d l e s s  o f  the  q u a n t i t y  and q u a l ­
i t y  o f  fo ra g e s  a v a i l a b l e ,  L o u i s i a n a  dairymen depend on c o n c e n t r a t e s  to  
f u r n i s h  a p p ro x im a te ly  51 p e r  c e n t  of  the  monthly ENE p e r  cow. This  is  
s l i g h t l y  above the  f i g u r e  r e p o r t e d  by J a r r e t t  and F o sg a te  (79) who found 
t h a t  Georg ia  dairymen depend on c o n c e n t r a t e s  to  f u r n i s h  ap p ro x im a te ly  42 
p e r  c e n t  o f  the  monthly  ENE p e r  cow. Forages  in  L o u i s i a n a  s u p p l i e d  about  
49 p e r  c e n t  o f  th e  t o t a l  ENE. However, t h e  ranges  i n  pe r  c e n t  of  ENE 
s u p p l i e d  by each of  the  c l a s s e s  o f  fo ra g e s  were v e r y  w ide .  There was a 
c o n s i d e r a b l y  w ider  range  e x h i b i t e d  by each c l a s s  of  fo ra g e  th an  t h a t  
e x h i b i t e d  by c o n c e n t r a t e  t o  fo ra g e  r a t i o .  Th is  was because  d a i r y  cows in  
L o u i s i a n a  do not  g e t  th e  same fo ra g e s  each month f o r  a 12-month p e r i o d .  
A lso ,  the  amount of  ENE f u r n i s h e d  by fo ra g e s  was l e s s  th a n  ex p e c te d .
C o n c e n t r a te  to  fo ra g e  r a t i o  appeared  to  have no e f f e c t  upon milk  
p r o d u c t io n  p e r  cow per  day.  Data i n  Table 3 show the  month o f  December
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TABLE 4
Average Milk P r o d u c t io n  and E s t im a te d  Net Energy (ENE) I n ta k e  
f o r  Maintenance and Milk P r o d u c t io n  by Months 










J a n u a ry 27.13 18.23 0.67 1.49
F e b ru a ry 26.52 17.60 0 .6 6 1.51
March 26.71 16.70 0 .62 1.60
A p r i l 27.58 14.85 0 .54 1.85
May 26.94 15.00 0 .56 1.79
June 26.46 15.83 0 .6 0 1.67
J u l y 27 .54 17.57 0 .64 1.57
August 28.28 17.72 0 .63 1.59
September 28.63 16.62 0 .58 1.72
October 28.28 16.48 0 .58 1.72
November 27 .95 17.87 0 .63 1.56
December 28 .40 18.58 0 .65 1.52
Mean (X ) 27.53 1 7 . I5b 0 .62 1.61
a The monthly  av e ra g e s  a r e  from J a n u a r y ,  1962 th rough  March, 1964.
^The a v e rag e  cow i n  t h i s  s tudy  weighed 1 ,050 l b .  and produced 
27.53 l b .  FCM p e r  day.
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t o  be one of  the  months w i th  h i g h e s t  m i lk  p r o d u c t io n  per  cow per  day. 
However, December was a l s o  the  month w i th  the  h i g h e s t  ENE i n t a k e  pe r  cow 
p e r  day .  This  i s  i n  agreement w i th  o t h e r  s t u d i e s  (18 ,  78, 79, 105, 124) 
which dem ons t ra ted  t h a t  n e t  energy  a v a i l a b l e  f o r  p r o d u c t io n  i s  the l i m i t ­
ing  f a c t o r  i n  the  amount of  m i lk  produced.
S i g n i f i c a n c e  o f  Sources  of  ENE f o r  
Maintenance and Milk P r o d u c t io n
The r e g r e s s i o n  of FCM on the  f i v e  v a r i a b l e s  s tu d i e d  and the  r e s u l t  
of  t e s t  f o r  s i g n i f i c a n c e  of so u rces  of  ENE f o r  main tenance  and m ilk  p roduc­
t i o n  i s  p r e s e n te d  in  Table  5. This  t a b l e  c o n t a i n s  p a r t i a l  r e g r e s s i o n  c o e f ­
f i c i e n t s  (b)  a long  w i th  the  s t a n d a r d  e r r o r  and t  v a l u e s  f o r  each of  the
n u t r i e n t  v a r i a b l e s  s t u d i e d .  Q u a d ra t i c  e f f e c t s  a r e  a l s o  shown f o r  concen­
t r a t e s  (x |)  , s i l a g e  ( x | ) , and p a s t u r e  ( x | ) . C u r v i l i n e a r  e f f e c t  f o r  hay 
2
<X4 ) was n o t  s i g n i f i c a n t .
The r e g r e s s i o n  e q u a t i o n  ( I I )  o b ta in e d  from th e se  d a t a  i s :
( I I )  Y* -  -  65.5749 + 0.1510X, + 1.3438X„ + 1.0935X-, + 0.3723X, + 1.0519Xc -
1 2 3 4 5
0 . 0009X^ -  0.0017X2 - 0.0019x2 
R2-  0 .9 2 5 3 ;  Where:
Y ■ FCM ( i n  cwt.  on a h e rd  month b a s i s )
Xj* cow days  in  m ilk  (where one cow m i lk in g  one day e q u a l s  one cow 
day in  m i lk )
X2"  Therms ENE from c o n c e n t r a t e s  ( i n  cwt .  on a he rd  month b a s i s )
Xj* Therms ENE from s i l a g e  ( i n  cwt .  on a h e rd  month b a s i s )
X^* Therms ENE from hay ( i n  cwt.  on a h e r d  month b a s i s )
X^» Therms ENE from p a s t u r e  ( i n  cwt .  on a h e rd  month b a s i s )
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TABLE 5
R e g r e s s i o n  C o e f f i c i e n t s ,  S ta n d a rd  E r r o r ,  and t  V a lu e s ,  
R e g r e s s io n  o f  FCM on F iv e  V a r i a b l e s *
V a r i a b l e b Sb t
xb
X 1
0 .1510 0 .0066 23.0304**
X2
1.3438 0 .0880 15.2622**
X3 1.0935
0 .0860 12.7117**
X4 0.3723 0.0497 7.4981**
X5 1.0519 0 .8286 12.6955**
X2
2
- 0 .0 0 0 9 0 . 0 0 0 1 6.8239**
X23 -0 .0 0 1 7 0 .0003 6 .5749**
X25 - . 0 . 0 0 1 9 0 . 0 0 0 2 8.8515**
n 1014
b o -65 .5749
R2 0 .9253
aUsing h e rd  month o b s e r v a t i o n s .
bX^ ■ Days i n  m i lk ,  Xj ■ Therms ENE from c o n c e n t r a t e s ,  X-j ■ Therms 
ENE from s i l a g e ,  X^ ■ Therms ENE from h a y ,  X^ “ Therms ENE from 
p a s t u r e .
**Highly  s i g n i f i c a n t  a t  P ^ . 0 1 .
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The c o e f f i c i e n t  of  d e t e r m i n a t i o n  (R ) i n d i c a t e s  t h a t  th e  v a r i a b l e s  
under  c o n s i d e r a t i o n  accoun ted  f o r  92 .50  pe r  c e n t  o f  th e  v a r i a t i o n  i n  FCM 
p r o d u c t io n .  A l l  v a r i a b l e s  shown i n  the above r e g r e s s i o n  e q u a t i o n  ( I I )  
had h i g h l y  s i g n i f i c a n t  l i n e a r  and c u r v i l i n e a r  e f f e c t s  on FCM, e x c e p t  t h e  
c u r v i l i n e a r  e f f e c t  f o r  hay (X^).
I n  o r d e r  to  maximize m i lk  p r o d u c t io n  i t  was d e te rm in e d  from the 
above r e g r e s s i o n  e q u a t i o n  ( I I )  t h a t  i f  s i l a g e ,  hay ,  and p a s t u r e  i s  fed 
a t  th e  av e rage  l e v e l  in  t h e s e  d a t a ,  46 .4 0  Therms of ENE from c o n c e n t r a t e s  
( 6 6 .3 0  pounds c o n c e n t r a t e s )  p e r  cow p e r  day would be needed .  (See Appen­
d i x  Table  1 0 a . )  The ave rage  l e v e l  of  ENE i n t a k e  p e r  cow p e r  day from d i f ­
f e r e n t  s o u rc e s  o f  feed  in  t h e s e  d a t a  was: c o n c e n t r a t e s ,  8 .8 0  Therms;
s i l a g e ,  2 .0 1  Therms; hay ,  2 .56 Therms; and p a s t u r e ,  3 .78  Therms. When 
f e e d in g  c o n c e n t r a t e s ,  hay and p a s t u r e  a t  th e  av e ra g e  l e v e l  in  t h e s e  d a t a ,  
an ENE i n t a k e  o f  20.09 Therms p e r  cow p e r  day from s i l a g e  would be needed
f o r  maximum m i lk  p r o d u c t i o n .  Th is  means t h a t  i f  s i l a g e  has  an ENE v a lu e
of  .14 Therms p e r  pound s i l a g e  on an as  fed  b a s i s ,  up t o  143.50 pounds of  
s i l a g e  shou ld  be fed  f o r  maximum m i lk  p r o d u c t i o n .  Th is  l e v e l  of  f e e d in g  
f o r  maximum m i lk  p r o d u c t i o n  i s  v e r y  h ig h  and exceeds  the  l i m i t s  o f  the d a t a
in  t h i s  s tu d y  by a c o n s i d e r a b l e  d e g r e e .  T h e r e f o r e ,  t h i s  shou ld  be i n t e r ­
p r e t e d  w i t h  c a u t i o n .  These h i g h e r  l e v e l s  o f  ENE i n t a k e  from v a r i o u s  f e e d s ,  
as c a l c u l a t e d  f o r  i n c r e a s e d  m i lk  p r o d u c t i o n ,  a p p e a r s  to  be due t o  u n d e r ­
f e e d in g  o f  cows in  L o u i s i a n a .
Using  th e  f i r s t  d e r i v a t i v e  of  1.0519X5 - 0.0019X^ in  the  above r e ­
g r e s s i o n  e q u a t i o n  ( I I ) ,  i t  was d e te rm in e d  t h a t  17.26 Therms o f  ENE i n t a k e  
p e r  cow p e r  day from p a s t u r e  would r e s u l t  in  maximum m i lk  p r o d u c t io n  i f  
c o n c e n t r a t e ,  s i l a g e  and hay a r e  fed  a t  t h e  av e rag e  l e v e l  in  t h e s e  d a t a .  
A ccord ing  t o  th e  p a s t u r e  q u a l i t y  codes g iv e n  i n  Appendix Table  2a ,
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e x c e l l e n t  p a s t u r e  would p ro v id e  11.55 Therms p e r  cow per  day when g razed  
by the  ave rage  cow weighing  1,050 pounds as shown in  th e se  d a t a  (10 .50  x 
Q u a l i t y  code of  1 . 1 ) .  Feeding  hay was l i n e a r  to  the l i m i t s  of  t h e s e  d a t a .
Thus, w i t h i n  the l i m i t s  of  the  t o t a l  amount of hay fed in  th e se  d a t a ,  hay
was g e t t i n g  l i n e a r  re sp o n se  i n  m i lk  p r o d u c t io n .  This  cou ld  i n d i c a t e  t h a t  
L o u is ian a  dairymen a r e  not  f e e d in g  as  much good q u a l i t y  hay as  they  should  
fo r  maximum m ilk  p r o d u c t io n .
The g e n e r a l  p r e d i c t i o n  e q u a t io n  ( I I I )  f o r  showing changes in  FCM 
p r o d u c t io n  w i th  changes  in  ENE in ta k e  i s :
( I I I )  FCM = Y + b t  (X. -  X ) + bj_ ( x j  - X ^) .
1 , 2
Where:
Y ■ mean FCM per  cow per  day 
X^ * Therms ENE in t a k e  
b^ = p a r t i a l  r e g r e s s i o n  c o e f f i c i e n t s  
When f e e d in g  s i l a g e ,  hay ,  and p a s t u r e  a t  the average  l e v e l  shown in  th e se  
d a t a ,  the  g e n e r a l  p r e d i c t i o n  e q u a t io n  ( I I I )  f o r  c o n c e n t r a t e s  becomes:
(IV) FCM » 27.53 + 1.3438(X2 - X2) - 0 .0009(X2 - X ^ ) ; Where:
X^ * Therms ENE i n t a k e  from c o n c e n t r a t e s
From t h i s  e q u a t io n  (IV) i t  was de te rm ined  t h a t  i n c r e a s i n g  ENE i n t a k e  with  
c o n c e n t r a t e s  from 0 to  10 Therms r e s u l t e d  in  an i n c r e a s e  of  from 14.70 to  
2 8 . 0 9 . pounds FCM or  an i n c r e a s e  of  13.39 pounds FCM. I n c r e a s i n g  ENE 
in t a k e  w i th  c o n c e n t r a t e s  from 0 to  46 .4  Therms (amount needed f o r  maximum 
p r o d u c t io n )  r e s u l t e d  i n  an FCM p r o d u c t io n  o f  75.11 pounds,  o r  an i n c r e a s e  
of  60.41 pounds FCM.
When f e e d in g  c o n c e n t r a t e s ,  hay ,  and p a s t u r e  a t  th e  av e rage  l e v e l  
i n  th e se  d a t a ,  the  g e n e r a l  p r e d i c t i o n  e q u a t io n  ( I I I )  f o r  s i l a g e  becomes:
(V) FCM -  27.53 + 1.0935(X3 - X3 ) -  0 . 0 0 1 7 (X^ - X * ) , Where:
X3 * Therms ENE i n t a k e  from s i l a g e .
From t h i s  e q u a t i o n  i t  was d e te rm in ed  t h a t  i n c r e a s i n g  ENE i n t a k e  w i th  
s i l a g e  from 0 to  10 Therms r e s u l t e d  in  an i n c r e a s e  o f  10.87 pounds FCM. 
I n c r e a s i n g  ENE i n t a k e  w i th  s i l a g e  from 0 to  20.09 Therms (amount needed 
f o r  maximum p r o d u c t io n )  r e s u l t e d  in  a t o t a l  p r o d u c t i o n  o f  46 .47  pounds 
FCM, or  an i n c r e a s e  of  21.29 pounds.  S u b s t i t u t i n g  c o e f f i c i e n t s  and 
means f o r  hay and p a s t u r e  i n  th e  g e n e r a l  p r e d i c t i o n  e q u a t i o n  ( I I I )  showed 
t h a t  an I n c r e a s e  of  ENE i n t a k e  w i th  hay from 0 t o  10 Therms would i n c r e a s e  
p r o d u c t io n  on ly  3 .72  pounds FCM, w h i l e  an i n c r e a s e  from 0 t o  10 Therms as  
p a s t u r e  i n c r e a s e d  p r o d u c t io n  by 10.33 pounds FCM.
Using th e  r e s u l t s  o f  FCM i n c r e a s e  by i n c r e a s i n g  ENE i n t a k e  from 0 
t o  10 Therms from the  above p r e d i c t i o n  e q u a t i o n s ,  th e  fo l lo w in g  number 
of  Therms pe r  a d d i t i o n a l  pound o f  FCM were needed from the  d i f f e r e n t  
so u rce s  of  fe e d :  c o n c e n t r a t e s ,  0 .7 5  Therms; s i l a g e ,  0 .9 2 ;  hay ,  2 .6 9 ;
and p a s t u r e ,  0 . 9 7 .  Thus, w i th  th e se  d a t a ,  when ENE in t a k e  was i n c r e a s e d  
from 0 to  10 Therms, hay was o n ly  28 p e r  c e n t  as  e f f e c t i v e  a s  c o n c e n t r a t e ,  
s i l a g e  81 p e r  c e n t ,  and p a s t u r e  77 p e r  c e n t .  I t  should  be p o in t e d  o u t ,  
however,  t h a t  c o n c e n t r a t e s  e x h i b i t e d  a smal l  month ly  range (Table  3 ) .
This  cou ld  have confounded the  d a t a  f o r  showing the  s i g n i f i c a n c e  o f  con­
c e n t r a t e s  as  compared t o  s i l a g e ,  hay ,  or  p a s t u r e .  The ran g es  i n  p e r  c en t  
o f  ENE s u p p l i e d  by each of  the  c l a s s e s  of  fo ra g e s  were v e ry  wide (Table  3 ) .
Pucnam and L o o s l i  (124) r e p o r t e d  t h a t  a s  the  p e r  c e n t  o f  fo ra g e  i n  
the  r a t i o n  i n c r e a s e d ,  th e  c o e f f i c i e n t  of  a p p a r e n t  d i g e s t i b i l i t y  of  dry 
m a t t e r  d e c r e a s e d .  No d i g e s t i o n  t r i a l s  were made i n  t h i s  s tu d y .  However,  
t h e i r  r e p o r t  i s  i n  agreement w i th  t h e  d a t a  i n  T a b le s  3 and 4 which i n d i ­
c a t e  t h a t  as  the  pe r  c e n t  of  t o t a l  ENE i n t a k e  from c o n c e n t r a t e s  i n c r e a s e d ,
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th e  pounds FCM per  Therm EKE a l s o  i n c r e a s e d .  The one e x c e p t io n  to  th e  
above s t a t e m e n t  i s  the  d a t a  fo r  the  month o f  A p r i l .  Table  4 shows t h a t  
A p r i l  was t h e  month w i th  th e  h i g h e s t  pounds FCM p e r  Therm ENE ( 1 .8 5 ) .
I t  i s  seen  from the c o r r e s p o n d in g  d a t a  in  Table  3 t h a t  53.39 pe r  c en t  of  
the  t o t a l  ENE came from c o n c e n t r a t e s  and 35.38 pe r  c e n t  came from p a s ­
t u r e .  This  h ig h  p e r  c e n t  of  ENE from p a s t u r e  d u r in g  the  month o f  A p r i l ,  
c o r r e l a t e d  w i th  A p r i l  b e in g  the  month w i th  th e  h i g h e s t  pounds of  FCM 
p e r  Therm ENE, could  i n d i c a t e  t h a t  e a r l y  s p r i n g  p a s t u r e s  were more d i g e s ­
t i b l e  than  th e  more m ature  g r a s s  l a t e r  in  th e  seaso n .
The n o n l i n e a r  r e l a t i o n s h i p  i n  r e g r e s s i o n  o f  FCM on n u t r i e n t  v a r i ­
a b l e s  as shown i n  Table 5 lends  s u p p o r t  to  th e  h y p o t h e s i s  by J a r r e t t  and 
Fosga te  (79) t h a t  h e rd s  a v e ra g in g  h ig h  l e v e l s  o f  p r o d u c t io n  have reached  
a p l a t e a u  i n  m i lk  p r o d u c t io n  beyond which p o i n t  t h e  r e l a t i o n s h i p  between 
Therms NE in p u t  and pounds FCM o u tp u t  i s  n o n l i n e a r .  The p r o d u c t io n  l e v e l  
i n  t h i s  s tudy  was 8 ,268 pounds FCM p e r  cow p e r  y e a r  (157 ) .  I t  i s  n o ted  
i n  Table  5 t h a t  t h e r e  was a q u a d r a t i c  e f f e c t  in  the  r e g r e s s i o n  o f  FCM on 
a l l  n u t r i e n t s  w i th  th e  e x c e p t io n  o f  hay (X^) which was n o t  s i g n i f i c a n t .
I n p u t - Output  R e l a t i o n s
F ig u re  1, p l o t t e d  from d a t a  o b t a in e d  i n  Table  6 , p r e s e n t s  the  e s t i ­
mated n e t  energy  i n t a k e  and m ilk  o u t - p u t  r e l a t i o n  from DHIA h e r d s  i n  L o u i ­
s i a n a .  This  graph shows t h a t  t h e r e  were d i s t i n c t  f l u c t u a t i o n s  i n  m i lk  
p r o d u c t io n  p e r  cow p e r  day and in  q u a n t i t y  o f  ENE i n t a k e  th ro u g h o u t  the  
y e a r .  Bloom e t  a l .  (18) have p r e s e n t e d  ev idence  t h a t  m i lk  p r o d u c t io n  i s  
i n  d i r e c t  p r o p o r t i o n  to  NE i n t a k e .  These w orkers  s t u d i e d  fo u r  d i f f e r e n t  
methods o f  f e e d i n g .  They p l o t t e d  Therms of  e n e rg y  in p u t  above main tenance
Lb FCM 
produced 
p e r  cow 
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F ig u re  1. Energy I n ta k e  and Milk Out-pu t  R e l a t i o n  from DHIA 
Herds in  L o u i s i a n a .
*Therms o f  ENE re q u i r e d  pe r  lb o f  FCM was 0 .3 8 .  See Table 6 .
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a v a i l a b l e  f o r  m i lk  p r o d u c t i o n .  L ik e w is e ,  each pound o f  FCM was s c a l e d  
in  Therms o f  i t s  en e rg y  c o n t e n t  so  t h a t  th e  g rap h s  f o r  FCM and feed  
i n p u t s  were d i r e c t l y  com parab le .  T h e i r  d a t a  showed t h a t  m i lk  p r o d u c t i o n
c l o s e l y  fo l lo w e d  ENE i n p u t s  of  f eed  above m a in tenance  r e q u i r e m e n t s .
Data i n  T a b le  6  and p r e s e n t e d  i n  F ig u r e  1 show t h a t  h ig h  p ro d u c ­
t i o n  p e r  cow p e r  day was o b t a i n e d  in  Sep tem ber .  The s i g n i f i c a n c e  o f  
s t a g e  of  l a c t a t i o n  a s  r e f l e c t e d  by th e  r e g r e s s i o n  of  FCM on days  in  
m i lk  i n  Tab le  5 i s  shown h e r e .  This  h ig h  p r o d u c t io n  p e r  cow p e r  day 
d u r in g  th e  month o f  September  i s  p r o b a b ly  due to  th e  l a r g e  p e r  c e n t  of  
t h e  d a i r y  cows t h a t  were b red  t o  f r e s h e n  i n  th e  e a r l y  f a l l  i n  L o u i s i a n a .  
There  was an i n c r e a s e  i n  m i lk  p r o d u c t i o n  p e r  cow p e r  day from August t o  
September w i th  a d e c r e a s e  i n  ENE i n t a k e  d u r in g  t h i s  p e r i o d .  However, as  
s t a g e  o f  l a c t a t i o n  p r o g r e s s e d ,  m i lk  p r o d u c t i o n  p e r  cow p e r  day dropped 
a l t h o u g h  consuming a p p r o x im a te ly  th e  same amount o f  ENE. Then, b e g i n ­
n in g  i n  t h e  l a t t e r  p a r t  o f  November and d u r in g  th e  month o f  December,
ENE i n t a k e  p e r  cow p e r  day I n c r e a s e d  fo l low ed  by a c o r r e s p o n d i n g  i n c r e a s e  
i n  FCM p r o d u c t i o n  p e r  cow p e r  day .  December was th e  month o f  h i g h e s t  
ENE i n t a k e  p e r  cow p e r  day .  A l s o ,  in  s p i t e  o f  advanced l a c t a t i o n  o f  
cows, December had n e x t  t o  the  h i g h e s t  FCM p r o d u c t i o n  p e r  cow p e r  day .
The s i g n i f i c a n c e  o f  d i f f e r e n t  s o u rc e s  o f  ENE i n t a k e  was a l s o  
r e f l e c t e d  d u r in g  t h i s  p e r i o d .  Table  3 i n  t h i s  s tu d y  showed December t o  
be t h e  month w i t h  th e  low es t  p e r  c e n t  o f  t o t a l  ENE i n t a k e  from concen­
t r a t e s .  December was a l s o  n e x t  t o  t h e  lo w es t  month from t h e  s t a n d p o i n t  
o f  pound FCM produced  p e r  Therm ENE i n t a k e  (T ab le  4 ) .  The i n c r e a s e  i n  
th e  ENE i n t a k e  p e r  cow per  day d u r in g  th e  months o f  November th rough  
F e b ru a ry  was p a r a l l e l  t o  an  i n c r e a s e  i n  t h e  amounts  o f  hay and s i l a g e
72
TABLE 6
Average D a l ly  Milk  P r o d u c t i o n  and E s t im a te d  Net Energy (ENE) I n t a k e  
Above M aintenance Requ irem ents  p e r  Cow A d ju s te d  










J a n u a r y 27.13 11.63 0 .4 3 2.33
F eb ru a ry 26.52 1 1 . 0 0 0 .4 1 2.41
March 26.71 1 0 . 1 0 0 .3 8 2.64
A p r i l 27.58 8 .2 5 0 .3 0 3 .34
May 26.94 8 .40 0 .3 1 3 .21
June 26 .46 9 .23 0 .3 5 2.87
J u l y 27.54 10.97 0 .4 0 2.51
August 28 .28 1 1 . 1 2 0 .39 2 .54
September 28.63 1 0 . 0 2 0 .3 5 2 . 8 6
October 28.28 9 .88 0 .3 5 2 . 8 6
November 27 .95 11.27 0 .4 0 2.48
December 28 .40 11.98 0 .4 2 2.37
Mean (X) 27.53 10.55 0 .3 8 2.61
a The av e rag e  cow in  t h i s  s tu d y  weighed 1 ,050 lb  and r e q u i r e d  6 . 6  
Therms p e r  day f o r  m a in te n a n c e .
bThe monthly  a v e r a g e s  a r e  from J a n u a r y ,  1962 th ro u g h  March,  1964.
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f e d ,  w i th  a p a r t i c u l a r l y  l a r g e  i n c r e a s e  i n  t h e  p e r  c e n t  ENE s u p p l i e d  by 
hay d u r in g  th e  months o f  December, J a n u a r y ,  and F e b r u a ry .  C o i n c id in g  
d a t a  in  Tab le  6  showed t h e s e  t h r e e  months w i t h  th e  lo w es t  FCM p r o d u c t i o n  
pe r  Therm ENE; i . e . ,  th e  v a l u e s  b e in g  2 .3 7 ,  2 . 3 3 ,  and 2 .4 1 ,  r e s p e c t i v e l y ,  
a s  compared to  th e  a v e ra g e  o f  2 .61  and a h ig h  o f  3 .3 4  f o r  the  month o f  
A p r i l .  Th is  f u r t h e r  c o n f i rm s  the  p r e v i o u s  s t a t e m e n t s  c o n c e r n in g  th e  
r e l a t i v e l y  g r e a t e r  i n f l u e n c e  o f  c o n c e n t r a t e  a s  compared t o  hay f o r  m i lk  
p r o d u c t i o n  (Table  5 ) .  I n  th e  second s e c t i o n  of t h i s  c h a p t e r  i t  was 
s t a t e d  t h a t  when ENE i n t a k e  was i n c r e a s e d  from 0 t o  10 Therms, hay was 
on ly  28 p e r  c e n t  as  e f f e c t i v e  as  c o n c e n t r a t e s .  Huffman and Duncan (69 ,  
74) showed t h a t  cows on hay a lo n e  would i n c r e a s e  m i lk  p r o d u c t i o n  a g a i n s t  
th e  n a t u r a l  tendency  to  d e c l i n e  w i th  advance i n  l a c t a t i o n  when co n cen ­
t r a t e s  were  added to  th e  a l l - h a y  r a t i o n s .
The d a t a  p r e s e n t e d  in  Table  6 show a lower  ENE I n t a k e  and a lower 
FCM p r o d u c t i o n  p e r  cow p e r  day d u r in g  th e  s p r i n g  months of  A p r i l  and May 
th a n  d u r in g  t h e  l a t e  f a l l  and e a r l y  w i n t e r  months o f  November and Decem­
b e r .  However,  t h e  FCM p r o d u c t i o n  p e r  Therm ENE was t h e  h i g h e s t  i n  A p r i l  
and May. The months o f  A p r i l  and May a r e  the  n a t u r a l  months f o r  s p r i n g  
f l u s h  o f  p a s t u r e  w i th  h i g h l y  d i g e s t i b l e ,  low f i b e r  g r a s s .  They a r e  a l s o  
t h e  months when l i t t l e  s i l a g e  o r  hay  i s  n o rm a l ly  fed i n  L o u i s i a n a .  Th is  
i s  c on f i rm ed  i n  Tab le  3, which r e v e a l e d  t h a t  a v e r y  s m a l l  p e r  c e n t  o f  the  
t o t a l  ENE came from s i l a g e  o r  hay d u r in g  t h e s e  two m onths .  Th is  combina­
t i o n  of  a h ig h  p e r  c e n t  o f  th e  t o t a l  ENE s u p p l i e d  by c o n c e n t r a t e s  and 
s p r i n g  p a s t u r e  d u r in g  th e  months o f  A p r i l  and May in  t h i s  s tu d y  r e s u l t e d  
no t  on ly  i n  t h e  h i g h e s t  FCM p r o d u c t i o n  p e r  Therm ENE, b u t  a l s o  i n  th e  
h i g h e s t  income o ver  feed  c o s t  p e r  Therm ENE as  i s  shown in  T a b le  11 and
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t o  be d i s c u s s e d  under  t h e  s e c t i o n  e n t i t l e d  "Economic A spec ts"  o f  t h i s  
c h a p t e r .
I t  i s  n o ted  i n  F ig u re  1 t h a t  t h e r e  was a d e c l i n e  i n  m i lk  p ro d u c ­
t i o n  from 27.58 pounds p e r  cow per  day d u r in g  the  month of A p r i l  to  a 
low of  26.46 pounds per  cow per  day d u r in g  th e  month o f  Ju n e .  This  
o ccu r re d  even w i th  a s l i g h t  i n c r e a s e  i n  ENE in t a k e  p e r  cow per  day from 
A p r i l  to  June .  S e v e r a l  workers  (38,  138, 139) have shown t h a t  t h e r e  i s  
a d e f i n i t e  slump i n  m i lk  p r o d u c t io n  when p a s t u r e  p l a n t s  in  the  advanced 
s t a g e  a r e  n o t  p r o p e r l y  supplem ented .  S ea th  e_t a_l. (149) supplemented 
summer p a s t u r e  w i th  bo th  co rn  s i l a g e  and g r a i n  and r e p o r t e d  t h a t  t h i s  
supplem ent ing  d id  p r e v e n t  the  summer d e c l i n e  i n  m i lk  p r o d u c t io n .  Con­
t r o l  cows in  the  s tudy  d e c l i n e d  2.73 pounds p e r  cow per  day; w hereas ,  
the  cows r e c e i v i n g  the  s i l a g e  d e c re a se d  only 1.25 pounds, and th e  cows 
r e c e i v i n g  th e  e x t r a  a l low ance  o f  g r a i n  i n c r e a s e d  1 . 1 2  pounds m i lk  per  
cow p e r  day .  This  i s  in  agreement  w i th  t h i s  s tudy  as  w e l l  as w i th  the  
s tudy  by J a r r e t t  and F o sg a te  (79) which showed a s h a rp  d e c l i n e  i n  m i lk  
p r o d u c t io n  and n u t r i e n t  i n t a k e  b e g in n in g  in  May and r e a c h in g  a low fo r  
the  y e a r  i n  J u l y .  P a r t  o f  the  d e c l i n e  i n  m i lk  p r o d u c t io n  d u r in g  t h i s  
p e r io d  i n  b o th  s t u d i e s  cou ld  be due to  th e  advanced l a c t a t i o n  of  cows 
which f r e s h e n e d  i n  the  f a l l .  However, bo th  s t u d i e s  i n d i c a t e d  t h a t  as  
g r a i n  and s i l a g e  f e e d in g  was i n c r e a s e d  and th e r e b y  I n c r e a s i n g  the  t o t a l  
ENE i n t a k e  p e r  cow p e r  day ,  t h e r e  was a c o r re s p o n d in g  i n c r e a s e  i n  m i lk  
p r o d u c t io n .  The I n c r e a s e  in  ENE i n t a k e  d u r in g  th e  month o f  J u l y  and 
August shows an i n c r e a s e  i n  m i lk  p r o d u c t io n  p e r  cow p e r  day b u t  a 
d e c r e a s e  i n  pound FCM produced p e r  Therm ENE i n t a k e  (Table  6 ) .  This  
should  f u r t h e r  s u b s t a n t i a t e  the  c o n t e n t i o n  o f  lower d i g e s t i b i l i t y  of 
l a t e  summer g r a s s ,  o r  the  o v e r - e v a l u a t i o n  of  m i l l e t  and o t h e r  summer
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s u p p le m e n ta l  g r a s s e s ,  s i n c e  th e  d a t a  i n  Table  3 show t h a t  a l a r g e  p e r  
c e n t  of  th e  t o t a l  ENE came from p a s t u r e  d u r in g  t h e  months o f  J u l y  and 
A ugus t .
A nother  h y p o t h e s i s  deve loped  to  gu ide  t h i s  s tu d y  was t h a t  t h e r e  
i s  a l i n e a r  r e l a t i o n s h i p  o f  m i lk  p r o d u c t i o n  t o  e s t i m a t e d  n e t  energy  
i n t a k e .  The n o n l i n e a r  r e l a t i o n s h i p  in  th e  r e g r e s s i o n  o f  FCM on n u t r i e n t  
v a r i a b l e s  shown in  Table  5 in  t h i s  c h a p t e r  i n d i c a t e d  t h a t  th e  law o f  
d i m i n i s h i n g  o u tp u t  a p p l i e s  to  m i lk  p r o d u c t i o n .  With t h e  e x c e p t i o n  of  
hay (X^) , t h e r e  was q u a d r a t i c  e f f e c t  h i g h l y  s i g n i f i c a n t  a t  P ^ L . 0 1  in  
the  r e g r e s s i o n  o f  FCM on a l l  s o u rc e s  o f  n u t r i e n t s .  There  a r e  i n d i c a t i o n s  
from th e  d a t a  i n  Table  6  o f  t h i s  s tu d y  t h a t  as  ENE i n t a k e  goes up, pounds 
of  FCM p e r  Therm ENE go down. . J a n s e n  trt al_. (81) found s i m i l a r  r e s u l t s  
i n  s t u d i e s  of  i n p u t - o u t p u t  r e l a t i o n s h i p .  These w o rk e rs  showed t h a t  cows 
on a normal r a t i o n ,  based  on H a e k e r ' s  (58) s t a n d a r d ,  r e t u r n e d  3 pounds o f  
FCM f o r  each  pound o f  t o t a l  d i g e s t i b l e  n u t r i e n t s  (TDN) consumed above 
m a in te n a n c e ;  b u t  f o r  each  a d d i t i o n a l  pound o f  TDN added t o  a normal r a t i o n ,  
an i n c r e a s e  of  o n ly  1 .0  t o  1 .5  pounds o f  FCM was o b t a i n e d .  O th e r  w orkers  
(15 ,  18, 2 2 , 80) a l s o  showed a d i m i n i s h i n g  o u tp u t  from i n c r e a s e d  feed  
i n p u t s .  They h y p o t h e s i z e d  t h a t  p a r t  o f  th e  d i m i n i s h i n g  o u t p u t  were due 
t o  a d e c l i n e  i n  d i g e s t i b i l i t y .  The av e ra g e  o f  2 .61  pounds FCM p e r  Therm 
ENE of  t h i s  s tu d y  (Tab le  6 ) i s  h i g h e r  t h a n  th e  a v e ra g e  o f  2 .22  pounds FCM 
p e r  Therm ENE i n  t h e  s tu d y  by J a r r e t t  and F o s g a t e .  Th is  c o u ld  be due to  
th e  f a c t  t h a t  51 .21  p e r  c e n t  of  th e  t o t a l  ENE i n t a k e  came from co n cen ­
t r a t e s  i n  t h i s  s t u d y ;  w h e re a s ,  o n ly  42 p e r  c e n t  o f  th e  t o t a l  ENE i n t a k e  
was s u p p l i e d  by c o n c e n t r a t e s  i n  th e  s tu d y  by J a r r e t t  and F o sg a te  ( 7 9 ) .
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Adequacy o f  ENE I n t a k e  f o r  M aintenance  
and Milk P r o d u c t i o n
An Immediate o b j e c t i v e  o f  t h i s  s tu d y  was t o  d e te rm in e  th e  a d e ­
quacy o f  th e  amount of  f eed  recommended f o r  m a in tenance  and m i lk  p r o ­
d u c t i o n  o f  L o u i s i a n a  d a i r y  cows as  c a l c u l a t e d  by p r e s e n t  f e e d in g  
s t a n d a r d s .  The h y p o t h e s i s  d eve loped  to  gu ide  the  s tu d y  of  t h i s  o b j e c ­
t i v e  was t h a t  the  p r e s e n t  f e e d in g  recommendations  o f  15 .40  Therms ENE 
per  day f o r  a L o u i s i a n a  d a i r y  cow w eigh ing  1,050 pounds and p ro d u c in g  
27.53 pounds FCM i s  a d e q u a t e .  The d a t a  p r e s e n t e d  i n  T ab le s  7, 8 , and 
9 o f  t h i s  s tu d y  i n d i c a t e  t h a t  p r e s e n t  f e e d i n g  s t a n d a r d s  b e in g  used  in  
c a l c u l a t i n g  feed  needed by L o u i s i a n a  d a i r y  cows a r e  to o  low.
The d a t a  i n  Table  7 g iv e  t h e  l e v e l  and s o u rc e s  o f  ENE f o r  main­
t e n an c e  and m i lk  p r o d u c t i o n  by body w e ig h t s  f o r  1 ,014 L o u i s i a n a  d a i r y  
h e rd  month o b s e r v a t i o n s  d u r in g  th e  p e r i o d  s t u d i e d  which was from J a n u a r y ,  
1962 th rough  March, 1964. The av e rag e  cow in  t h i s  s tu d y ,  w e ig h in g  1 ,050 
pounds and p ro d u c in g  27.53 pounds FCM p e r  day consumed 17.15 Therms ENE 
p e r  day .  The p e r  c e n t  o f  t o t a l  ENE i n t a k e  from th e  v a r i o u s  s o u rc e s  were 
as  f o l l o w s :  c o n c e n t r a t e s ,  51.21 p e r  c e n t ,  s i l a g e  11.76 p e r  c e n t ,  d ry
f o ra g e  (hay) 14.98 p e r  c e n t ,  and p a s t u r e  22.05 p e r  c e n t .  The av e rag e  
cow i n  t h i s  s tu d y  consumed 0 .6 2  Therms ENE p e r  pound FCM f o r  m a in ten an ce  
and m i lk  p r o d u c t i o n  and produced 1 .61 pounds FCM p e r  Therm ENE consumed.
Table  8  p r e s e n t s  t h e  l e v e l  and ENE i n t a k e  f o r  m a in ten an c e  and m i lk  
p r o d u c t io n  by body w e ig h t s  f o r  135 s e l e c t e d  L o u i s i a n a  d a i r y  h e r d  month 
o b s e r v a t i o n s  d u r in g  th e  same p e r i o d  t h a t  t h e  d a t a  f o r  t h e  1 ,014 h e rd  
month o b s e r v a t i o n s  i n  Tab le  7 were o b t a i n e d .  The s e l e c t e d  d a i r y  h e r d s  
used f o r  o b t a i n i n g  the  d a t a  i n  Table  8  were t h o se  l o c a t e d  a t  L o u i s i a n a
TABLE 7
Level  and Source o f  ENE I n ta k e  f o r  Maintenance and Milk P ro d u c t io n  by Body Weights 








Per  c e n t  o f  T o ta l  ENE from 







< . 800 27.74 14.20 50.42 6.45 1 1 . 0 0 32.13 0.51 1.95
800-890 24.36 14.12 55.88 5.08 14.46 24.58 0.58 1.73
900-990 25.39 15.62 51.29 8.34 19.46 20.91 0.62 1.63
1000-1090 27.64 17.10 52.08 11.05 15.48 21.39 0.62 1.62
1100-1190 28.63 18.17 50.43 17.27 12.85 19.45 0.63 1.58
1200-1290 31.74 19.76 49.28 13.47 12.94 24.32 0.62 1.61
1300-1390 33.25 24.09 50.62 11.60 7.30 30.48 0.72 1.38
1400 and ^ 0 0 0 0 0 0 0 0
MEAN
(X) -  1050 27.53 17.15 51.21 11.76 14.98 22.05 0.62 1.61
aThe monthly  o b s e r v a t i o n s  a r e  from Ja n u a ry ,  1962 through March, 1964.
TABLE 8
Level and Source o f  ENE I n ta k e  f o r  Maintenance and Milk P ro d u c t io n  by Body Weights 
f o r  135 S e l e c t e d  L o u is ian a  Dairy Herd Month O b se rv a t io n s 3
Body
Weights FCM/Cow/Day ENE/Cow/Day
Per  c e n t  o f  T o ta l  ENE from Therms/ ENE/lb
Lb
FCM/Therm
( lb ) 1 ^ 1 (Therms) C o n c e n t r a t e s  S i l a g e  Dry Forage P a s tu r e FCM ENE
< .8 0 0 31.62 15.17 59.93 25.95 14.12 0 0.48 2.08
800-890 26.23 16.11 47.51 15.76 9.86 26.86 0 .61 1.63
900-990 27.06 16.44 44.43 10.42 23.61 21.54 0.61 1.65
1000-1090 31.42 19.60 48.25 17.99 18.30 15.46 0.63 1.60
1100-1190 33.40 20.43 46.83 27.70 13.40 12.07 0.61 1.63
1200-1290 33.94 19.65 55.01 8.47 9.67 26.82 0.58 1.73
1300-1390 36.75 28.92 42.06 13.61 9.08 35.25 0.79 1.27
1400 and ^ 0 0 0 0 0 0 0 0
MEAN
(X) -  1100 29.85 18.19 49.15 17.13 14.00 19.72 0.61 1.64
a S e le c t e d  Dairy  Herds a r e :  L o u is i a n a  S t a t e  U n i v e r s i t y ,  S o u th eas t  L o u is ian a  Dairy  and P a s tu re
Experiment  S t a t i o n ,  North L o u is ian a  Experiment  S t a t i o n ,  and North L o u is ian a  H i l l  Farm Experiment 
S t a t i o n .
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S t a t e  U n i v e r s i t y ,  S o u th e a s t  L o u i s i a n a  Dairy  and P a s tu r e  Experiment  S t a t i o n ,  
North L o u i s i a n a  Experiment  S t a t i o n ,  and North L o u i s i a n a  H i l l  Farm E x p e r i ­
ment S t a t i o n .  These s e l e c t e d  d a i r y  h e r d s  were managed by t r a i n e d  c o l l e g e  
g r a d u a te s  who a s s i s t e d  the  DHIA S u p e r v i s o r s  i n  r e p o r t i n g  the e s t i m a t e d  
n e t  energy  v a l u e s  of  fo ra g e s  ( q u a l i t y  codes )  as  p e r  i n s t r u c t i o n s  i n  Appen­
d i x  Table  2a .  The average  cow in  t h e s e  s e l e c t e d  h e r d s ,  as  shown in  Table  
8 , weighed 1,100 pounds,  produced 29.85 pounds FCM p e r  day and consumed 
18.19 Therms ENE per  day .  The p e r  c e n t  o f  t o t a l  ENE i n t a k e  from v a r i o u s  
s o u rc e s  w ere :  c o n c e n t r a t e ,  49 ,15  p e r  c e n t ;  s i l a g e ,  17.13 pe r  c e n t ;  dry
fo rage  (h a y ) ,  14 .00 p e r  c e n t ;  and p a s t u r e ,  19.72 p e r  c e n t .  A lso ,  th e  
average  cow i n  th e  s e l e c t e d  h e rd s  r e q u i r e d  0 .61  Therms ENE p e r  pound FCM 
f o r  m ain tenance  and m i lk  p r o d u c t io n  as  compared t o  0 .62  Therms ENE per  
pound FCM f o r  th e  a v e rag e  cow in  t h e  e n t i r e  s tu d y ;  and ,  b o th  a v e r a g e s ,  as  
shown i n  Table  7 and 8 , were a lm os t  i d e n t i c a l  i n  p roduc ing  1 .64  and 1.61 
pounds FCM p e r  Therm ENE, r e s p e c t i v e l y .
The d a t a  i n  bo th  Tab le s  7 and 8  show a d e c r e a s e  i n  pound FCM per  
Therm ENE I n ta k e  as  body w e ig h ts  o f  a n im a ls  I n c r e a s e d .  I t  I s  seen  in  
Table  7 t h a t  the  pound FCM p e r  Therm d e c r e a s e d  from a h igh  o f  1.95 pounds 
f o r  cows weigh ing  l e s s  than  800 pounds t o  a low o f  1 .38 f o r  cows weigh ing  
between 1 ,300 and 1,390 pounds.  The d a t a  i n  Table  8  a r e  s i m i l a r  e x c e p t  
t h a t  th e  range  o f  from 2.08  pounds to  1 .27 pounds from the  sm a l l  t o  the  
l a r g e r  cows i n  Table  8  i s  g r e a t e r  th an  th e  range  i n  Table  7.  This  i n d i ­
c a t e d  h i g h e r  e f f i c i e n c y  o f  m i lk  p r o d u c t io n  p e r  Therm ENE consumed by the  
sm al l  cows i s  i n  agreement w i th  t h e  s t a t e m e n t  by Conrad (28) t h a t  sm al l  
cows a r e  more e f f i c i e n t  than  l a r g e r  cows, i f  t h ey  produce th e  same amount 
o f  4 p e r  c e n t  m i lk  p e r  u n i t  o f  t ime and a l l  o t h e r  c o n d i t i o n s  a r e  e q u a l .
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However, Conrad (28) a l s o  found t h a t  t h e  e f f i c i e n c y  of  the  s m a l l e r  cows 
d e c re a se d  more r a p i d l y  th an  the  e f f i c i e n c y  of  the  l a r g e r  cows as  the  
d i g e s t i b i l i t y  o f  the  r a t i o n s  d e c r e a s e d .  The d a t a  i n  Table 7 i n d i c a t e  
t h a t  the s m a l l e r  cows o b ta in e d  a l a r g e r  pe r  c e n t  o f  the  t o t a l  ENE i n t a k e  
from c o n c e n t r a t e s ,  which has  a l r e a d y  been i n d i c a t e d  to  produce more FCM 
p e r  Therm ENE consumed th an  the o t h e r  t h r e e  s o u rc e s  o f  n u t r i e n t s  s t u d i e d .
The d a t a  in  Table  9 compare the  l e v e l  o f  ENE i n t a k e  f o r  m a in t e n ­
ance and milk  p r o d u c t io n  consumed by d a i r y  cows in  t h i s  s tu d y  to  the  
recommended l e v e l  when c a l c u l a t e d  by p r e s e n t  f e e d in g  s t a n d a r d s .  The 
average  cow in  t h i s  s tu d y ,  as  shown on the  bottom l i n e  of  Table 9 ,  con­
sumed 17.15 Therms ENE p e r  day f o r  m ain tenance  and m ilk  p r o d u c t io n ;  w hereas ,  
M o r r i s o n ' s  f e e d in g  s t a n d a rd  (116) and the  formula  by Jones  (83) would have 
recommended 15.41 and 15.34 Therms ENE p e r  day ,  r e s p e c t i v e l y .  I n  Appendix 
Table Ca th e r e  i s  p r e s e n t e d  the d a t a  from M o r r i s o n ' s  f e e d in g  s t a n d a rd  t h a t  
was used in  c a l c u l a t i n g  feed needed by each i n d i v i d u a l  cow on th e  EDPM 
program p r i o r  t o  the  a d o p t io n  o f  the  formula developed  by Jones  (83) shown 
in  Appendix Table  9a.
The formula by Jones  (83) was adopted  by the  Dairy  Records P r o c e s s ­
ing C e n te r ,  North C a r o l i n a  S t a t e  C o l l e g e ,  in  an a t t e m p t  to  meet more ad e ­
q u a t e l y  the energy  r e q u i re m e n t s  of h i g h -p r o d u c in g  cows. The d a t a  p r e s e n te d  
in  Table  9 i n d i c a t e d  t h a t  the  av e rage  cow in  t h i s  s tu d y  consumed a p p r o x i ­
m a te ly  12 p e r  c e n t  more ENE per  cow p e r  day f o r  m a in tenance  and m i lk  p r o ­
d u c t i o n  than  i s  p r e s e n t l y  be ing  recommended by the  formula used i n  
c a l c u l a t i n g  feed needed by each i n d i v i d u a l  cow on th e  e l e c t r o n i c  d a t a  
p r o c e s s i n g  machine r e c o r d s  program (EDPM). Cow days i n  m i lk  were used 
so as  t o  o b t a i n  th e  b e s t  p o s s i b l e  e s t i m a t e  o f  FCM p e r  cow p e r  day w i th  
t h e s e  a v a i l a b l e  d a t a .
TABLE 9
Level  of  ENE I n ta k e  fo r  Maintenance and Milk P ro d u c t io n  o f  L o u is ian a  Dairy  Cows Compared to  
Recommended Level of  ENE I n ta k e  as C a lc u la t e d  by P re se n t  Feeding S tandards
body Weights 





M o r r i s o n ' s  Feeding 
S tandards  ENE/Cow/ 
Day ( f t ienns )a
EDPM C a lc u la t e d  
ENE Requirement 
Therms/ Cow/ Dayb
* ^ 8 0 0 27.74 14.20 13.78 13.84
800-890 24.36 14.12 13.29 13.24
900-990 25.39 15.62 14.17 14.14
1000-1090 27.64 17.10 15.46 15.46
1100-1190 28.63 18.17 16.31 16.35
1200-1290 31.74 19.76 17.86 17.99
1300-1390 33.25 24.09 18.89 19.09
1400 a n d > 0 0 0 0
MEAN
(X) -  1050 27.53 17.15 15.41 15.34
aC a l c u l a t e d  from M o r r i s o n ' s  (116) Feeding  S tandards  as  g iven  i n  Appendix Table  8 a .  
^ C a lc u la t e d  from th e  formula developed by Jones  (83) as  g iven  in  Appendix Table 9a.
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No a t t e m p t  was made i n  t h i s  s tu d y  to  d e te rm in e  th e  r e a s o n s  f o r  
t h i s  g r e a t e r  ENE i n t a k e  needed by L o u i s i a n a  d a i r y  cows a s  i n d i c a t e d  by 
th e  d a t a  o b t a in e d  i n  t h i s  s tu d y  f o r  th e  p e r i o d  o f  J a n u a r y ,  1962 th ro u g h  
March, 1964. However, s e v e r a l  r e a so n s  f o r  t h i s  h i g h e r  ENE i n t a k e  t o  FCM 
p r o d u c t i o n  may be h y p o t h e s i z e d .  One r e a so n  cou ld  be t h a t  L o u i s i a n a ' s  
h ig h  h u m id i ty ,  ex treme h e a t ,  and l a r g e  f l u c t u a t i o n s  in  t e m p e r a tu r e  cou ld  
have a d v e r s e l y  a f f e c t e d  d a i r y  c a t t l e  performance  d u r in g  th e  p e r io d  co v ­
e r ed  by t h i s  s tu d y .  Poor management p r a c t i c e s  o r  even low g e n e t i c  p o t e n ­
t i a l  cou ld  acc o u n t  f o r  some of  t h e  lower FCM p r o d u c t io n  p e r  Therm ENE 
consumed. O v e r r a t i n g  th e  q u a l i t y  of  f o r a g e s ,  a s  w e l l  as  o v e r e s t i m a t i n g  
th e  amount of  fo ra g e  consumed by cows in  t h i s  s tu d y ,  cou ld  have caused  a 
h i g h e r  i n d i c a t i o n  o f  ENE i n t a k e  th a n  a c t u a l l y  e x i s t e d .  R e g a rd l e s s  of  
the  r e a so n s  t h a t  may have caused  t h i s  i n d i c a t e d  h ig h  ENE need by L o u i s i a n a
d a i r y  cows, t h i s  s tu d y  shows the  need f o r  a fo ra g e  e v a l u a t i o n  program
coup led  w i t h  f u r t h e r  r e s e a r c h  on d i g e s t i b i l i t y  and the  p h y s i o l o g i c a l  
r e s p o n s e  o f  d a i r y  cows as  measured by t h e  t o t a l  amount o f  f a t - c o r r e c t e d -  
m i lk  (FCM) p roduced .
Economic Aspect
The r e g r e s s i o n  o f  income over  feed  c o s t  on th e  f i v e  v a r i a b l e s  
s t u d i e d  and th e  r e s u l t  o f  t e s t  f o r  s i g n i f i c a n c e  of  s o u rc e s  o f  e s t i m a t e d
n e t  ene rgy  (ENE) on changes  in  income over  feed  c o s t  i s  p r e s e n t e d  in  Table
10. Th is  t a b l e  c o n t a i n s  p a r t i a l  r e g r e s s i o n  c o e f f i c i e n t s  (b) a lo n g  w i th  
t h e  s t a n d a r d  e r r o r  and t  v a l u e s  f o r  each  o f  th e  s i g n i f i c a n t  n u t r i e n t  v a r i ­
a b l e s .  L in e a r  e f f e c t s  f o r  c o n c e n t r a t e s  (X2 ) ant* p a s t u r e  (X,.) were n o t  
s i g n i f i c a n t .  Q u a d r a t i c  e f f e c t s  a r e  a l s o  shown f o r  s i l a g e  (X ^ ) , hay ( X ^ ) ,
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TABLE 10 .
R e g r e s s io n  C o e f f i c i e n t s ,  S tan d a rd  E r r o r ,  and t  V a lu e s ,  
R e g r e s s i o n  o f  Income over  Feed Cost  
on F ive  V a r i a b l e s 3
V a r i a b l e b s b t
*! 0 .9685 0.0259 37.3486**
X3 1.3479
0 .5421 2.4866*
X4 - 1 .1 3 3 3 0 .5286 2.1440*
X2
3
-0 .0 0 9 9 0.0016 6.2433**
X2
4
- 0 .0 0 4 1 0 .0016 2.5417*
X2
5 0 .0070 0.0005 14.3882**
N 1014
bo -  74.3608
R2 0 .8185
aUsing Herd Month O b s e r v a t i o n s .
N ■ Days in m i l k ,  Xj » Therms ENE from c o n c e n t r a t e s ,  X-j ■ Therms
ENE from s i l a g e ,  X^ “ Therms ENE from hay ,  ■ Therms ENE from 
p a s t u r e .
**Highly  s i g n i f i c a n t  a t  P < , . 0 1 .
★ S i g n i f i c a n t  a t  P < . 0 5 .
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? 2 and p a s t u r e  (X{r). C u r v i l i n e a r  e f f e c t  f o r  c o n c e n t r a t e  (X2) was n o t  s i g ­
n i f i c a n t .
The r e g r e s s i o n  e q u a t i o n  (VI) o b t a in e d  from the  d a t a  i s :
(VI) Y -  - 74.3608 + 0 .9685 XL + 1.3479 X3 - 1.1333 X4  - 0 .0099 X^ -
0 .0041 X.2 + 0 .0070 X2 .4 5
R2» 0 .8 1 8 5 .  Where:
Y ■ Income over  feed c o s t  ( i n  $10 u n i t  on a h e rd  month b a s i s )
X^= Cow days i n  m i lk  (where one cow m i lk in g  one day e q u a l s  one cow 
day in  m i lk )
X^= Therms ENE from s i l a g e  ( i n  cwt .  on a h e rd  month b a s i s )
X4= Therms ENE from hay ( i n  cwt .  on a h e rd  month b a s i s )
Therms ENE from p a s t u r e  ( i n  cwt .  on a h e rd  month b a s i s )
y
The c o e f f i c i e n t  o f  d e t e r m i n a t i o n  (R ) i n d i c a t e s  t h a t  the  v a r i a b l e s  under  
c o n s i d e r a t i o n  accoun ted  f o r  81.85  p e r  c e n t  o f  the  v a r i a t i o n  i n  income over  
feed c o s t .  L in e a r  e f f e c t  f o r  days in  m i lk  (X^) was h i g h l y  s i g n i f i c a n t
< * < -  . 0 1 ) .  L in e a r  e f f e c t s  f o r  s i l a g e  (X^) and hay (X^) were s i g n i f i c a n t
2 2 ( P ^ .  . 0 5 ) .  C u r v i l i n e a r  e f f e c t s  f o r  s i l a g e  (X^) and p a s t u r e  (X^) were
2
h i g h l y  s i g n i f i c a n t  ( P < £ . ,0 1 )  and c u r v i l i n e a r  e f f e c t  f o r  hay (X^) was s i g ­
n i f i c a n t  (P<^ . 0 5 ) .
I n  o r d e r  t o  maximize income over  feed  c o s t ,  i t  was d e te rm in e d  by
2
u s in g  the  f i r s t  d e r i v a t i v e  o f  1.3479 X_ -  0 .0099 X„ in  the  above e q u a t i o n3 3
(VI) t h a t  i f  c o n c e n t r a t e s ,  hay ,  and p a s t u r e  a r e  fed  a t  th e  a v e ra g e  l e v e l  
i n  t h e s e  d a t a ,  4 .2 5  Therms in  ENE i n t a k e  from s i l a g e  p e r  cow p e r  day would 
be needed .  I f  t h i s  s i l a g e  has  an ENE v a l u e  o f  .14 Therms p e r  pound s i l a g e  
on an as  fed  b a s i s ,  t h i s  would be 30 .40  pounds s i l a g e  p e r  cow p e r  day;  o r ,  
16.0  pounds more s i l a g e  (2 .2 4  Therms) th a n  fed a t  th e  av e ra g e  l e v e l  in  
t h e s e  d a t a .  (See Appendix Table  1 1 a . )
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L i n e a r  and c u r v i l i n e a r  e f f e c t s  f o r  c o n c e n t r a t e s  were n o t  s i g n i f i ­
c a n t .  The i n c r e a s e d  v a l u e  of  m i lk  produced by i n c r e a s i n g  th e  ENE i n t a k e  
from c o n c e n t r a t e s  above the  av e rage  l e v e l  fed  i n  t h e s e  d a t a  was not  s i g ­
n i f i c a n t l y  more th a n  th e  c o s t  of  the  c o n c e n t r a t e s .
I n c r e a s i n g  ENE i n t a k e  as  hay s i g n i f i c a n t l y  d e c r e a s e d  income over  
f eed  c o s t .  When f e e d in g  c o n c e n t r a t e s ,  s i l a g e ,  and p a s t u r e  a t  th e  a v e rag e  
l e v e l  in  t h e s e  d a t a ,  t h e  p r e d i c t i o n  e q u a t i o n  f o r  hay becomes:
(VII)  Income over  feed  c o s t  = 89 - 1.1333(X^ - X^) - 0 .0041(X^ - X ^ ) . 
Where:
X, * Therms ENE from hay.4
Average income over  feed  c o s t  p e r  cow p e r  day in  t h i s  s tu d y  was 
found to  be $ 0 .8 9 .  From the  above e q u a t i o n  (VII )  i t  was d e te rm in e d  t h a t  
i n c r e a s i n g  ENE i n t a k e  w i th  hay from 0 to  10 Therms r e s u l t e d  i n  a d e c r e a s e  
of  13.75 c e n t s  income over  feed  c o s t .  I n c r e a s i n g  ENE i n t a k e  w i t h  p a s t u r e  
from 0 to  10 Therms r e s u l t e d  i n  an i n c r e a s e  of  0 .70  c e n t s  income above 
f eed  c o s t .
When f e e d in g  c o n c e n t r a t e s ,  hay ,  and p a s t u r e  a t  the  av e ra g e  l e v e l  
in  t h e s e  d a t a ,  th e  p r e d i c t i o n  e q u a t i o n  f o r  s i l a g e  becomes:
(V I I I )  Income over  feed  c o s t  = 89 + 1 .3479(X3 - X^) - 0 .0099(X^ - X ^ ) . 
Where:
X^ “ Therms ENE from s i l a g e .
From t h i s  e q u a t i o n  (V I I I )  i t  was d e te rm in e d  t h a t  i n c r e a s i n g  ENE 
i n t a k e  w i th  s i l a g e  from 0 to  10 Therms i n c r e a s e d  income o v e r  f eed  c o s t  
from 86 .23  t o  98.71  c e n t s ,  o r  an i n c r e a s e  o f  12.48 c e n t s .
86
These d a t a  r e l a t i n g  to  the  r e g r e s s i o n  of  income over  feed  c o s t  on 
n u t r i e n t  v a r i a b l e s  i n d i c a t e d  t h a t  s i l a g e  was th e  most p r o f i t a b l e  of  the  
fo u r  s o u rc e s  o f  n u t r i e n t s  s t u d i e d ,  fo l low ed  by p a s t u r e ,  c o n c e n t r a t e s ,  and 
hay in  d e sce n d in g  o r d e r .  The d a t a  r e l a t i n g  t o  r e g r e s s i o n  o f  FCM on n u t r i ­
e n t  v a r i a b l e s  i n d i c a t e d  t h a t  i n c r e a s i n g  c o n c e n t r a t e s  r e s u l t e d  i n  th e  g r e a t ­
e s t  i n c r e a s e  i n  m i lk  p r o d u c t io n  fo l low ed  by s i l a g e ,  p a s t u r e ,  and hay in  
d e s c e n d in g  o r d e r .  Th is  d i f f e r e n c e  between the  re sp o n se  of  m i lk  p r o d u c t io n  
and th e  r e sp o n se  o f  income over  feed  c o s t  to  i n c r e a s e s  in  e s t i m a t e d  n e t  
e ne rgy  i n t a k e  from the  v a r i o u s  s o u rc e s  o f  feed  used in  t h i s  s tu d y  should  
i n d i c a t e  t h a t  p l a n n in g  a f e e d in g  program f o r  o b t a i n i n g  maximum m i lk  p ro d u c ­
t i o n  may n o t  maximize income over  feed  c o s t .  Many L o u i s i a n a  da i rymen a r e  
d e s ig n i n g  t h e i r  f e e d i n g  programs w i th  th e  o b j e c t i v e  o f  i n c r e a s i n g  milk  p r o ­
d u c t i o n  p e r  cow w i t h o u t  c o n s i d e r i n g  th e  e f f e c t  o f  t h i s  f e e d in g  program on 
income over  feed  c o s t .
The r e l a t i o n s h i p  o f  l e v e l  and so u rc e s  o f  ENE i n t a k e  p e r  pound FCM to  
income over  f eed  c o s t  by months f o r  1 ,014 h e rd  month o b s e r v a t i o n s  i s  shown 
in  Table  11. The d a t a  i n d i c a t e  t h a t  d u r in g  th e  p e r i o d  from J a n u a r y ,  1962 
th rough  March, 1964 the  a v e ra g e  cow in  t h i s  s tu d y ,  w e igh ing  1 ,050 pounds 
and p ro d u c in g  27 .53  pounds FCM p e r  day,  r e t u r n e d  4 .7 9  c e n t s  income over  
feed  c o s t  p e r  Therm ENE consumed, w i th  a range  o f  from 3 .9 2  c e n t s  in  th e  
month o f  J a n u a ry  t o  6 .94 c e n t s  in  th e  month o f  A p r i l .  Th is  was 89 c e n t s  
p e r  cow p e r  day w i th  a range  o f  75 c e n t s  p e r  cow p e r  day in  the  month o f  
J a n u a ry  to  $1 .10  d u r in g  th e  month o f  A p r i l .  The a v e rag e  c o s t  o f  fo ra g e  
p e r  Therm ENE consumed was 3 .36  c e n t s  w i th  a range  o f  from 2 .71  c e n t s  in  
th e  month o f  A p r i l  t o  3 .7 0  c e n t s  i n  the  month o f  J a n u a r y .  The av e ra g e  
c o s t  o f  c o n c e n t r a t e  p e r  Therm ENE consumed was 4 .3 9  c e n t s  w i th  a range  o f
TABLE 11
R e l a t i o n s h i p  o f  Level  and Sources o f  ENE I n ta k e  pe r  Lb FCM to  Income Over Feed Cost by Months3
Income Over Cost of Cost of Income Over
Feed C o s t / Therms Per  c en t  o f  T o ta l  ENE from C o n c e n t ra te /  Forage/ Feed c o s t /
Cow/Day ENE/lb Concen- Dry Pas­ Therm ENE Therm ENE Therm ENE
Month ( d o l l a r s ) FCM t r a t e  S i l a g e  Forage tu re (c e n t s ) ( c e n t s ) ( c e n t s )
Jan u a ry 0 .75 0.67 49 .26 15.40 23.29 12.05 4.40 3.70 3.92
F ebruary 0 .78 0 . 6 6 49 .19 1 0 . 2 2 23.65 16.94 4.47 3.57 4 .34
March 0.87 0.62 49.22 9 .05 17.64 24.09 4.38 3.33 4.71
A p r i l 1 . 1 0 0.54 53.39 3 .95 6.83 35.83 4 .30 2.71 6.94
May 0.97 0.56 55.81 4 .11 9.42 30.66 4.30 3.01 6.03
June 0.91 0 .60 53.72 7.21 11.82 : / . 2 5 4 .34 3.19 4 .94
J u l y 0 .94 0 .64 50.56 5.27 8 . 0 2 36.15 4 .40 2.84 4.88
August 0 .97 0 .63 50.98 10.96 6.08 31.98 4.49 3.09 4.85
September 1 . 0 1 0.58 54.24 9.51 7.24 29.01 4.39 3.00 5.49
October 0 .94 0.58 54.35 17.65 1 0 . 2 0 17.70 4 .36 3 .50 5.24
November 0 .82 0.63 51.81 16.86 16.00 15.33 4 .36 3.61 4 .34
December 0 .81 0.65 48.11 16.51 19.69 15.69 4.42 3.63 4.17
Mean (X) 0.89 0.62 51.21 11.76 14.98 22.05 4.39 3.36 4.79
0 .75 0 .54 48 .11 3.95 6.08 12.05 4 .3 0 2.71 3.92
Range to to to to t o to to to to
1 . 1 0 0.67 55.81 17.65 23.65 36.15 4 .49 3.70 6.94
aMonthly a v e rag es  f o r  1,014 he rd  month o b s e r v a t i o n s  a r e  from Ja n u a ry ,  1962 through March, 1964. 
^The av e rag e  cow i n  t h i s  s tudy  weighed 1,050 lb and produced 27.53 lb FCM per  day.
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from 4 .3 0  c e n t s  i n  th e  months o f  A p r i l  and May t o  4 .4 9  c e n t s  i n  th e  month 
o f  A ugus t .  J a n u a ry  was th e  month r e q u i r i n g  th e  h i g h e s t  Therm ENE i n t a k e  
(0 .6 7 )  p e r  pound FCM produced ,  and h av in g  th e  h i g h e s t  c o s t  o f  f eed  p e r  
Therm ENE and th e  lo w es t  income over  feed  c o s t  p e r  Therm ENE (3 .9 2  c e n t s ) .  
The month o f  A p r i l  had the  low es t  Therm ENE i n t a k e  (0 .5 4 )  p e r  pound FCM 
produced ,  th e  low es t  c o s t  o f  f eed  p e r  Therm ENE and th e  h i g h e s t  income 
o ver  feed  c o s t  p e r  Therm ENE consumed (6 .9 4  c e n t s ) .  The d a t a  i n  Table  4 
o f  t h i s  s tudy  show t h a t  the  18.23 Therms ENE i n t a k e  p e r  cow p e r  day in  
the  month o f  J a n u a ry  was c o n s i d e r a b l y  h i g h e r  th a n  th e  14.85 Therms ENE 
in ta k e  p e r  cow p e r  day i n  th e  month of  A p r i l  a l t h o u g h  th e  pounds FCM p e r  
cow p e r  day were a b o u t  t h e  same, which was 27.13  and 27 .58  pounds ,  r e s p e c ­
t i v e l y ,  f o r  th e  months o f  J a n u a ry  and A p r i l .
The r e s u l t s  o f  t h i s  s tu d y  i n d i c a t e  t h e  need f o r  more r e s e a r c h  to  
d e te rm in e  th e  l e v e l  o f  e s t i m a t e d  n e t  ene rgy  from v a r i o u s  s o u rc e s  o f  f e e d s  
used i n  L o u i s i a n a  d a i r y  f e e d in g  programs r e s u l t i n g  i n  maximum income over  
feed  c o s t .  S t u d i e s  o f  t h i s  n a t u r e  were made by Hoglund (65) f o r  t h e  West­
e r n ,  P a c i f i c ,  and M idwestern  a r e a s  of  t h e  U n i te d  S t a t e s  and he found i n d i ­
c a t i o n s  t h a t  some da irymen a r e  f e e d in g  g r a i n  a t  uneconomical  l e v e l s .  
Another  s tu d y  u s in g  d a t a  from DHIA r e c o r d s  i s  p r e s e n t l y  under  way in  
L o u i s i a n a  t o  d e te rm in e  f e e d in g  programs t h a t  w i l l  r e s u l t  i n  maximum 
income over  f eed  c o s t .
V II .  SUMMARY AND CONCLUSIONS
Monthly h e rd  d a t a  from L o u i s i a n a  D a i ry  Herd Improvement A s s o c i a ­
t i o n  (DHIA) r e c o rd s  f o r  th e  p e r io d  from J a n u a ry ,  1962 th rough  March,
1964 were used to :  1 . )  S tudy the  l e v e l  o f  ENE i n t a k e  from v a r i o u s  s o u r ­
ces  of  f e e d s  used i n  f e e d in g  L o u i s i a n a  d a i r y  cows e n r o l l e d  in  DHIA r e c ­
o r d s ;  2 . )  Determine the  amount of e s t i m a t e d  n e t  ene rgy  i n t a k e  from th e se  
feed  s o u rc e s  needed f o r  maximum m ilk  p r o d u c t io n  p e r  cow; 3 . )  Determine 
th e  adequacy of  reconmended ENE i n t a k e  f o r  m a in tenance  and m i lk  p ro d u c ­
t i o n  o f  L o u i s i a n a  d a i r y  cows; and 4 . )  Determine th e  amount of  e s t i m a t e d  
n e t  ene rgy  i n t a k e  from th e  v a r i o u s  feed  so u rc e s  used i n  t h i s  s tu d y  needed 
f o r  maximum income over  feed  c o s t  p e r  cow.
One thousand  and f o u r t e e n  (1 ,014 )  h e r d  month o b s e r v a t i o n s ,  u s in g  
J e r s e y ,  Guernsey ,  and H o l s t e i n  h e rd s  whose r e c o r d s  were p r o c e s s e d  by 
E l e c t r o n i c  Data P r o c e s s i n g  Machines  (EDPM) were made. A l l  r e c o r d s  were 
c o n v e r te d  t o  4 p e r  c e n t  FCM. The a v e rag e  cow in  t h i s  s tu d y  weighed 1,050 
pounds,  and on th e  b a s i s  o f  t h i s  w e ig h t  each cow had a d a i l y  m a in tenance  
r e q u i re m e n t  o f  6 .63  Therms. The f e e d i n g  programs were e v a l u a t e d  by u s in g  
t o t a l  Therms of  e s t i m a t e d  n e t  ene rgy  (ENE) from c o n c e n t r a t e s ,  s i l a g e ,  dry 
fo ra g e  ( h a y ) , and p a s t u r e  consumed minus th e  m a in ten an ce  ene rgy  consumed 
by d ry  cows. R e g r e s s io n  o f  FCM on e s t i m a t e d  n e t  ene rgy  I n t a k e  was made 
to  show th e  v a l u e  o f  ENE i n t a k e  from d i f f e r e n t  s o u rc e s  on m i lk  p r o d u c t io n  
and m a in te n a n c e .  R e g r e s s i o n  o f  income over  feed  c o s t  on e s t i m a t e d  n e t  
energy  i n t a k e  was made t o  show th e  v a lu e  o f  ENE I n ta k e  from d i f f e r e n t  
so u rc e s  on income over  feed  c o s t .
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C o n c e n t r a t e s  s u p p l i e d  51.21 p e r  c e n t  o f  th e  t o t a l  ENE f o r  th e  
p e r io d  co vered  in  t h i s  s tu d y  which was from J a n u a r y ,  1962 th rough  March, 
1964. The rem ain ing  48 .7 9  p e r  c e n t  s u p p l i e d  by fo ra g e  came from th e  
fo l lo w in g  s o u r c e s :  s i l a g e ,  11.76 pe r  c e n t ;  hay ,  14.98 p e r  c e n t ;  and p a s ­
t u r e ,  22.05  p e r  c e n t .  C o n c e n t r a t e s  e x h i b i t e d  a sm al l  month ly  range  (48 .11  - 
55.81 p e r  c e n t ) .  Th is  i n d i c a t e s  t h a t  r e g a r d l e s s  of  th e  q u a n t i t y  and q u a l ­
i t y  o f  f o r a g e s  a v a i l a b l e ,  L o u i s i a n a  dairymen depended on c o n c e n t r a t e s  t o  
f u r n i s h  a p p ro x im a te ly  51 p e r  c e n t  o f  th e  month ly  ENE consumed p e r  cow. 
Forages  i n  L o u i s i a n a  s u p p l i e d  about  49 p e r  c e n t  of  th e  t o t a l  ENE consumed. 
The av e rag e  c o n c e n t r a t e  t o  fo ra g e  r a t i o  was 51.21 : 4 8 .7 9  w i th  a range  of  
48 .11  : 51 .89  i n  the  month of  December t o  55.81 : 44 .19  in  th e  month of 
May. There was a c o n s i d e r a b l y  w ide r  range  e x h i b i t e d  by each c l a s s  of 
fo ra g e  th a n  t h a t  e x h i b i t e d  by c o n c e n t r a t e  to  fo ra g e  r a t i o .  S i l a g e  sup ­
p l i e d  an a v e rag e  o f  11.76 p e r  c e n t  of  t h e  t o t a l  ENE I n ta k e  w i th  a range 
of  from 3 .95  p e r  c e n t  d u r in g  the  month o f  A p r i l  to  17.65 p e r  c e n t  d u r in g  
th e  month of  O c to b e r .  Hay s u p p l i e d  an av e rag e  o f  14.98 per  c e n t  o f  the  
t o t a l  ENE i n t a k e  w i th  a range  o f  from 6 .0 8  p e r  c e n t  d u r in g  th e  month o f  
August t o  23.65  p e r  c e n t  d u r in g  th e  month o f  F e b r u a ry .  P a s t u r e  c o n t r i b ­
u ted  an av e rag e  of 22.05 p e r  c e n t  of  t h e  t o t a l  ENE i n t a k e  w i th  a range  
o f  from 12.05 p e r  c e n t  d u r in g  the month of  J a n u a ry  to  36.15 p e r  c e n t  
d u r in g  th e  month of  J u l y  f o r  the  p e r i o d  s t u d i e d .
The r e g r e s s i o n  e q u a t i o n  ( I I )  o b t a i n e d  from th e  r e g r e s s i o n  o f  FCM 
on t h e  f i v e  v a r i a b l e s  s t u d i e d  i s :
( I I )  $  - 65.5749 + 0.1510X, + 1.3438X + 1.0935X,1 2 3
+ 0 . 3723X. + 1.0519X
0.0009X2 - 0 .0017^  - 0.0019X2
R2 -  0 . 9 2 5 3 , Where:
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Y = FCM ( i n  c w t . on a h e rd  month b a s i s )
X^= Cow days in  mi lk  (where one cow m i lk in g  one day e q u a l s  one 
cow day in  mi lk)
X2 * Therms ENE from c o n c e n t r a t e s  ( i n  cwt.  on a h e rd  month b a s i s )
X^“ Therms ENE from s i l a g e  ( i n  cwt.  on a h e rd  month b a s i s )
X^“ Therms ENE from hay ( i n  cwt.  on a h e rd  month b a s i s )
X^“ Therms ENE from p a s tu r e  ( i n  cwt .  on a h e rd  month b a s i s )
A l l  v a r i a b l e s  shown in  the  above r e g r e s s i o n  e q u a t i o n  ( I I )  had h i g h l y  s i g n i ­
f i c a n t  e f f e c t s  on m i lk  p r o d u c t io n .  The average  l e v e l  of ENE i n t a k e  pe r  
cow per  day from d i f f e r e n t  s o u rc e s  o f  feed  in  t h e s e  d a t a  was: c o n c e n t r a t e s ,
8 .80  Therms; s i l a g e ,  2 .01 Therms; hay ,  2 .56  Therms; and p a s t u r e ,  3 .78  
Therms. Maximum m ilk  p r o d u c t io n  cou ld  be o b t a i n e d  by i n c r e a s i n g  ENE i n t a k e  
w i th  c o n c e n t r a t e s  from 8 .80  to  4 6 .4 0  Therms (6 6 .3 0  pounds c o n c e n t r a t e ) ;  o r ,  
by i n c r e a s i n g  ENE in t a k e  w i th  s i l a g e  from 2.01 to  20.09 Therms (143 .50  
pounds s i l a g e ) ;  o r ,  by i n c r e a s i n g  ENE i n t a k e  w i th  p a s t u r e  from 3 .78 to  
17.26 Therms pe r  cow per  day.  Feed ing  hay was l i n e a r  to  th e  l i m i t s  of  
t h e s e  d a t a .
The p r e d i c t i o n  e q u a t i o n  ( I I I )  used fo r  showing changes  i n  FCM p r o ­
d u c t i o n  w i th  changes  in  ENE i n t a k e  from d i f f e r e n t  s o u rc e s  i s :
( I I I )  FCM = Y + b. (X - X.) + b, (X? - X?) .  Where:
1   ̂ 1 1 2
Y ■* mean FCM p e r  cow per  day (27 .53 )
X^“ Therms ENE i n t a k e
b ■ p a r t i a l  r e g r e s s i o n  c o e f f i c i e n t s .
Using the  r e s u l t s  of  FCM i n c r e a s e  by i n c r e a s i n g  ENE i n t a k e  from 0 to  10 
Therms from the  p r e d i c t i o n  e q u a t i o n s ,  the  fo l lo w in g  number o f  Therms pe r  
a d d i t i o n a l  pound of  FCM were needed from the d i f f e r e n t  so u rc e s  of  fe e d :  
c o n c e n t r a t e s ,  0 . 7 5 ;  s i l a g e ,  0 .9 2 ;  hay ,  2 .6 9 ;  and p a s t u r e ,  0 . 9 7 .
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I n p u t - o u t p u t  s t u d i e s  showed t h a t  ENE i n t a k e  above m ain tenance  
c l o s e l y  fo l low ed  FCM p r o d u c t i o n .  The d a t a  in  t h i s  s tu d y  showed d i s t i n c t  
f l u c t u a t i o n s  i n  m i lk  p r o d u c t io n  p e r  cow p e r  day and in  q u a n t i t y  of  ENE 
in t a k e  th ro u g h o u t  th e  y e a r .  I t  was found t h a t  one T h e m  of  ENE i n t a k e  
above m ain tenance  produced 2 .61 pounds o f  FCM on th e  a v e r a g e ,  r a n g in g  
from a low o f  2 .33  pounds FCM p e r  Therm ENE d u r in g  t h e  month of J a n u a ry  
t o  a h ig h  o f  3 .3 4  pounds FCM p e r  T h e m  ENE d u r in g  the  month o f  A p r i l .  
There was a h i g h e r  ENE in t a k e  above m ain tenance  p e r  cow per  day (11 .63  
Therms) and a h i g h e r  p e r  c e n t  o f  t o t a l  ENE i n t a k e  from hay (23 .29  p e r  
c e n t )  d u r in g  the  month of  J a n u a ry  as  compared to  a lower ENE i n t a k e  
pe r  cow p e r  day ( 8 .2 5  Therms) and a lower  p e r  c e n t  o f  t o t a l  ENE i n t a k e  
(6 .83  p e r  c e n t )  from hay d u r in g  the  month o f  A p r i l .  The n o n l i n e a r  r e l a ­
t i o n s h i p  in  the r e g r e s s i o n  o f  FCM on n u t r i e n t  v a r i a b l e s  i n d i c a t e d  a 
d i m i n i s h i n g  o u tp u t  a t  the  h i g h e r  l e v e l s  o f  ENE i n t a k e .  There was a
q u a d r a t i c  e f f e c t  in  th e  r e g r e s s i o n  of FCM on a l l  n u t r i e n t s  w i th  the
2
e x c e p t i o n  o f  hay (X.) which was no t  s i g n i f i c a n t .
4
The d a t a  p r e s e n t e d  in  t h i s  s tu d y  i n d i c a t e  t h a t  p r e s e n t  f e e d in g  
s t a n d a r d s  b e ing  used in  c a l c u l a t i n g  feed needed by L o u i s i a n a  d a i r y  cows 
were t o o  low. The a v e rag e  cow in  t h i s  s tu d y ,  w e ig h in g  1,050 pounds and 
p ro d u c in g  27.53 pounds FCM p e r  day,  consumed 17.15 Therms ENE per  day 
f o r  m ain tenance  and m ilk  p r o d u c t i o n .  This  i s  ab o u t  12 p e r  c e n t  more 
ENE p e r  cow per  day f o r  m a in tenance  and m i lk  p r o d u c t i o n  th an  i s  p r e ­
s e n t l y  b e in g  recommended by th e  formula  used i n  c a l c u l a t i n g  feed  needed 
by each i n d i v i d u a l  cow on th e  E l e c t r o n i c  Data P r o c e s s i n g  Machine Records  
(EDPM). O v e r r a t i n g  th e  q u a l i t y  of  f o r a g e ,  as  w e l l  as  o v e r e s t i m a t i n g  the  
amount o f  f o r a g e  consumed by cows i n  t h i s  s t u d y ,  cou ld  have caused  a 
h i g h e r  i n d i c a t i o n  o f  ENE i n t a k e  th an  a c t u a l l y  e x i s t e d .
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The r e g r e s s i o n  e q u a t i o n  (VI) o b t a i n e d  from the  r e g r e s s i o n  of 
income over  feed  c o s t  on th e  f i v e  v a r i a b l e s  s t u d i e d  i s :
(VI) $  -  - 74.3608 + O^eSSXj^ + 1.3479X3 - 1.1333X4 - 0.0099X* -
0 . 0 0 4 IX? + 0.0070X^.4 5
R2 -  0 .8 1 8 5 .  Where:
Y ■ Income over  feed  c o s t  ( i n  $10 Unit  on a h e rd  month b a s i s )
X1 * cow days in  m i lk  (where one cow m i lk in g  one day e q u a l s  one 
cow day in  m i lk )
X^ = Therms ENE from s i l a g e  ( i n  cwt .  on a h e rd  month b a s i s )
X^ ■ Therms ENE frort  hay ( i n  cwt.  on a h e rd  month b a s i s )
X^ ■ Therms ENE from p a s t u r e  ( i n  cwt.  on a h e rd  month b a s i s )
I n  o r d e r  t o  maximize income over  feed c o s t ,  i t  was d e t e r m in e d ,  by u s in g
2
the  f i r s t  d e r i v a t i v e  o f  1.3479X3 - 0 .0099X3 in  the  above e q u a t i o n  (V I) ,  
t h a t  i f  c o n c e n t r a t e s ,  hay ,  and p a s t u r e  a r e  fed  a t  the  av e rage  l e v e l  in  
th e se  d a t a ,  4 .2 5  Therms ENE i n t a k e  from s i l a g e  (3 0 .4  pounds s i l a g e )  per  
cow p e r  day would be needed .  L in e a r  and c u r v i l i n e a r  e f f e c t s  f o r  concen ­
t r a t e s  were not  s i g n i f i c a n t .  Using the  p r e d i c t i o n  e q u a t i o n s  f o r  showing 
changes  i n  income over  feed  c o s t  w i th  changes  i n  ENE i n t a k e  from d i f f e r e n t  
s o u r c e s ,  i t  was d e te rm in e d  t h a t  i n c r e a s i n g  ENE i n t a k e  w i th  s i l a g e  from 0 
to  10 Therms r e s u l t e d  in  an i n c r e a s e  o f  12.48 c e n t s  p e r  cow p e r  day.  
I n c r e a s i n g  ENE i n t a k e  w i th  p a s t u r e  from 0 to  10 Therms r e s u l t e d  in  an 
i n c r e a s e  o f  0 .7 0  c e n t s  income over  feed  c o s t ;  w h e re a s ,  i n c r e a s i n g  ENE 
i n t a k e  w i th  hay from 0 to  10 Therms r e s u l t e d  i n  a d e c r e a s e  o f  13.75 c e n t s .
Many dairymen i n  L o u i s i a n a  a r e  d e s ig n i n g  t h e i r  f e e d i n g  programs 
w i th  th e  o b j e c t i v e  of i n c r e a s i n g  m i lk  p r o d u c t i o n  w i t h o u t  c o n s i d e r i n g  the  
e f f e c t  o f  t h i s  f e e d in g  program on income o ver  feed  c o s t s .  The r e s u l t s
o f  t h i s  s tu d y  i n d i c a t e  th e  need f o r  more r e s e a r c h  to  d e te rm in e  th e  l e v e l  
o f  e s t i m a t e d  n e t  ene rgy  from v a r i o u s  s o u rc e s  o f  feed s  used i n  L o u i s i a n a  
d a i r y  f e e d in g  programs r e s u l t i n g  in  maximum income over  feed  c o s t .
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35-44 4052 5 .1 2 0 0 0 1 13 33 67 365 276 40 52 224 1.28
45-54 4973 4 .0 199 79 28 50 13 10 41 335 293 90 118 175 2.32
55-64 6244 4 .9 309 77 33 48 9 2 13 8 43 358 400 84 117 283 1 . 8 6
65-74 7139 4 .6 329 83 28 44 17 4 13 9 43 331 442 82 142 300 1.98
75-84 7935 4 .2 337 83 40 53 27 17 30 309 470 125 2 0 2 268 2.55
85-94 8 8 6 8 3 .6 321 84 46 55 26 6 16 9 30 359 486 142 192 294 2.16
95-104 9002 3 .4 337 85 31 45 1 19 12 43 334 573 97 141 432 1.44
105-114 10975 3.7 411 8 6 51 54 123 2 0 25 14 13 189 558 152 295 263 2.69
115-124 12037 3.3 393 35 47 48 35 10 25 11 31 365 605 161 261 344 2.17
S t a t e




Hay, S i l a g e ,  and P a s tu re  Q u a l i t y  Codes fo r  L o u is ia n a  
Machine P r o c e s s e d  Records®
I .  HAY
Kind Code
Legume Hay - 2 /3  or  more _egume (such  as  A l f a l f a ,  C lo v e r ,
Soybean,  P e a n u t ) ...................  1
Mixed Hay - 1 /3  bu t  l e s s  th an  2/3  legumes . . . . . . . . . .  2
Grass  Hay - Such as  O at ,  Bermuda, Johnson G r a s s .................. 3
Corn Fodder  i n c l u d i n g  e a r s ................................................................................. 4
S t raw ,  e t c .  - Oat and wheat  s t r a w ,  c o t t o n s e e d  h u l l s ,  cobs
and s h u c k s ................................................................................. 5
Q u a l i t y  Codes** 
Good
A l f a l f a ...................................... ...........................................................................  40
Bermuda c o a s t a l  or  com m on.................................................................   . 33
C o t to n se ed  h u l l s ............................................................................................... 28
Johnson  G r a s s ...................................................    37
L e s p e d e z a .............................................................................................................  38
M i l l e t t .................................................................................................................. 36
Mixed Hay 2/3  o r  more l e g u m e s ...................................................................... 36
Mixed Hay l e s s  th a n  2/3  l e g u m e s ............................................................  34
O a t s .................................................... ......... .............................................................  35
S o y b e a n .................................................................................................................. 33
w ith o u t  r a i n  damage or e x c e s s i v e  b l e a c h i n g .  For q u a l i t y  l e s s  than 
good ,  s e e  i n s t r u c t i o n s .  Codes i n d i c a t e  Therms o f  n e t  en ergy  per  
hundred pounds o f  hay .
110
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APPENDIX TABLE 2a (C a n t'd )
SILAGE
Q u a l i t y  % Dry
Kind Code M a t te r
Corn (45 bu .  p e r  a c r e  and up) 53 28
Corn ( l e s s  t h a n  45 bu. p e r  a c r e ) 50 26
Corn and soybeans 52 26
G rass - legum es  - w i l t e d  no p r e s e r v a t i v e 45 31
G rass - legum es  - n o t  w i l t e d  no p r e s e r v a t i v e  
G rass - legum es  - p r e s e r v a t i v e  ( co rn  or
39 26
M olasses ) 44 28
Sorghum, sweet 47 25
Sorghum, t r a c y ,  s o r t 32 25
Oats  -  b e f o r e  m i lk  s t a g e  no p r e s e r v a t i v e 42 25
Oats  - b e f o r e  m i lk  s t a g e  p r e s e r v a t i v e 47 28
Oats  - a f t e r  m i lk  s t a g e  no p r e s e r v a t i v e 28 28
Oats  - a f t e r  m i lk  s t a g e  p r e s e r v a t i v e 34 30
Oats  and legume ( o a t s  b e f o r e  m i lk  s t a g e ) 48 26
PASTURE
Kind Code
Seeded,  permanent  legumes -  g r a s s  (New) 1
Improved permanent  2
Unimproved permanent  3
Supplem enta ry  - summer and w i n t e r  ( i n c l u d e s  
o a t s ,  r y e ,  c r im son  c l o v e r ,  
m i l l e t t ,  Johnson  g r a s s ,  e t c . )  4
R a t in g  Q u a l i t y  Code**
E x c e l l e n t  1.1
Very good 0 .8
Good 0 . 6
F a i r  0 .4
Poor 0 .2
cValues  g iv e n  a r e  f o r  b r i g h t  good q u a l i t y  s i l a g e  and i n d i c a t e  t h e  
Therms o f  n e t  ene rgy  p e r  hundred  pounds o f  d ry  m a t t e r .  F o r  q u a l ­
i t y  l e s s  t h a n  good, see i n s t r u c t i o n s .
^Codes g iv en  r e p r e s e n t  th e  e s t i m a t e d  n e t  ene rgy  consumed p e r  h u n d re d ­
w e ig h t  of  body s i z e .




Green chop, z e ro  p a s t u r e ,  s o i l i n g 1
Q u a l i t y  7. Dry
Code M a t t e r
E a r ly  v e g e t a t i v e ,  g r a s s  b e f o r e  h ea d in g  
Legumes b e f o r e  bloom
Grass  i n  b o o t  s t a g e  -  legumes 1/10 bloom 
Grass  i n  bloom - legumes f u l l  bloom 
A l l  hay c rops  a f t e r  bloom 













INSTRUCTIONS FOR REPORTING QUALITY CODES
A p p r o p r i a t e  q u a l i t y  codes  f o r  p a s t u r e ,  h a y ,  s i l a g e ,  or  g r e e n  chop 
a r e  t o  be r e p o r t e d  f o r  t h o s e  feeds  b e in g  fed on t e s t  d a y .
The pounds fed  r e p o r t e d  f o r  h a y ,  s i l a g e ,  and g r e e n  chop must  be th e  
amount consumed. Do n o t  r e p o r t  t h e  amount w a s t e d .  I f  cows a r e  b e in g  fed  
2 0  lb  hay p e r  day ,  b u t  a r e  w a s t in g  one f o u r t h ,  t h e n  r e p o r t  one f o u r t h  
l e s s  as  b e in g  fed  on b a r n  s h e e t  ( o r  15 lb  ) .
Pounds fed i s  v e r y  i m p o r t a n t .  Your . e t e r m i n a t i o n  shou ld  be as  a c c u r ­
a t e  a s  p o s s i b l e  - e i t h e r  by w e ig h t s  o r  v e r y  c l o s e  e s t i m a t e s .
A l l  q u a l i t y  codes g iv e n  a r e  f o r  good h a y ,  b r i g h t ,  p u t  up w i t h o u t  
e x c e s s i v e  damage or  e x c e s s i v e  b l e a c h i n g .  Appendix Table  3a shows how to  
r a t e  hay e x c e l l e n t ,  good, f a i r  o r  p o o r .  To d e te rm in e  q u a l i t y  codes  f o r  
hay  l e s s  t h a n  good, use  t h i s  s c a l e :
Code v a l u e  i n  be tween shou ld  be used  I f  t h e  t r u e  q u a l i t y  o f  th e  hay 
can  be coded more a c c u r a t e l y *  For  example ,  good q u a l i t y  a l f a l f a  hay  c a r ­
r i e s  a code o f  40 ,  so f a i r  a l f a l f a  hay (At 807.) would be 32 .  I f  t h e  hay 
b e in g  fed i s  a l i t t l e  b e t t e r  th a n  f a i r  h a y ,  b u t  n o t  good q u a l i t y ,  a code 
somewhere be tween 32 and 40 shou ld  be u s e d .
I f  a da iryman i s  f e e d i n g  two k in d s  o f  h a y ,  d e te rm in e  p e r  c e n t  o f  each 
b e in g  fed  and t a k e  c o r r e s p o n d in g  p e r  c e n t  o f  q u a l i t y  code f o r  each  hay and 
add t o  g e t  code .  Example -  f e e d in g  307. good a l f a l f a  hay (code 40)  and 70% 
f a i r  Johnson  g r a s s  hay (code 3 0 ) .
HAY
F a i r  hay - t a k e  807. o f  good code 
Poor hay - t a k e  607. o f  good code
112
30% x 40 -  12 
707. x 30 -  21
33 * q u a l i t y  code t o  use
I f  a dairyman i s  c r u s h i n g  hay and f e e d in g  i n  m i lk  b a r n  - i t  i s  
r e p o r t e d  as  h a y ,  n o t  r e p o r t e d  w i th  c o n c e n t r a t e s .  I f  c rushed  hay i s  in  
the  c o n c e n t r a t e  m i x t u r e ,  a more a c c u r a t e  r e c o rd  r e s u l t s  i f  you w i l l  
d ed u c t  th e  c ru sh e d  hay from th e  pounds c o n c e n t r a t e  b e in g  fed and r e p o r t  
the  t r u e  c o n c e n t r a t e s  f o r  each  cow and r e p o r t  t h e  c ru sh e d  hay as  hay f ed .
PASTURE
In  cod ing  p a s t u r e  c o n s i d e r  t h e s e  t h i n g s :
1. Are cows on g r a z i n g  f u l l  t ime o r  on ly  p a r t  t ime d a i l y ?
2.  Denseness  and h e i g h t  o f  g r a z i n g  a v a i l a b l e .  Can cows f i l l  up in
a h u r r y  o r  i s  p a s t u r e  s h o r t ?
3 .  P a l a t a b i l i t y  o f  p l a n t s .
4 .  F e r t i l i t y  l e v e l .  Weedy and low f e r t i l i t y  p a s t u r e s  shou ld  r a t e
o n ly  f a i r  d u r in g  lu sh  growing s easo n  and poor  r e s t  o f  s e a so n .
5. S tage  o f  m a t u r i t y  o f  p l a n t s .  As p l a n t s  approach  m a t u r i t y ,  t h e i r  
v a l u e  as  f e e d s  d e c r e a s e s .  Most legumes or  g r a s s e s  r each  t h e i r  
peak b e f o r e  h e ad in g  o r  . b e fo re  b looming.
6 . Season - Q u a l i t y  d e c l i n e s  w i th  h o t  w e a t h e r .
7. Appendix Tab les  5a ,  6 a ,  and 7a show how to  r a t e  p a s t u r e s  e x c e l ­
l e n t ,  good,  f a i r ,  or  p o o r .
HANDLING PART TIME GRAZING
1. E x c e l l e n t  and v e r y  good p a s t u r e .
Give f u l l  q u a l i t y  code c r e d i t  i f  g r a z i n g  ( t im e  cow a c t u a l l y  spends
e a t i n g  each day)  i s  2 \ o r  more h o u r s .  For  ev e ry  h a l f  h o u r  l e s s
th a n  2% reduce  q u a l i t y  code by 207.. Example - Cows g r a z i n g  1^
h o u rs  on v e r y  good p a s t u r e .  Reduce t h e  0 .8  q u a l i t y  code by 40%
(o r  .32)  and code 0 . 5 .
2.  Good and f a i r  and poor  p a s t u r e .
Give f u l l  c r e d i t  i f  g r a z i n g  f i v e  hou rs  o r  more . Reduce q u a l i t y  
code by 207. f o r  ev e ry  h our  l e s s  th an  f i v e .  Example - Cows g r a z i n g  
on good p a s t u r e  t h r e e  h o u rs  d a i l y .  Reduce th e  0 .6  q u a l i t y  code by 
40% ( o r  .24 )  and code 0 . 4 .
SILAGE
Q u a l i t y  codes  and p e r c e n t a g e  d ry  m a t t e r  g i v e n  a r e  f o r  b r i g h t  good q u a l ­
i t y  s i l a g e s .  For q u a l i t y  o t h e r  th a n  good,  see  i n s t r u c t i o n s  u nder  hay f o r  
h a n d l i n g  p o o r e r  q u a l i t y .  Appendix Tab le  4a shows how t o  r a t e  s i l a g e  e x c e l ­
l e n t ,  good,  f a i r ,  o r  p o o r .
1X3
APPENDIX TABLE 2a (C o n t'd )
GREEN CHOP
The s t a g e  o f  growth o f  th e  p l a n t  o r  p l a n t s  and d ry  m a t t e r  b e i n g  fed  
i s  th e  im p o r ta n t  d e t e r m i n a t i o n  in  r e p o r t i n g  q u a l i t y  code .  Pounds fed can 
be v e ry  m i s l e a d i n g .  Weigh a t r a i l e r  o r  wagon l o a d ,  i f  p o s s i b l e .  In  e s t i ­
m a t in g  w e ig h t  2 0  l b .  p e r  c u b ic  f o o t  seems t o  work w e l l  f o r  good q u a l i t y  
lu sh  g reen  chop. As p l a n t s  m ature  th e  w e ig h t  p e r  c u b ic  f o o t  w i l l  be lower .
APPENDIX TABLE 3a
Q u a l i t y  R a t in g  fo r .H ay
I f  hay i s  c u t  a t : I f  i t  h a s : I f  t h e  c o l o r  and 
c o n d i t i o n  i s :
Ra te  your  
hay :
I n i t i a l  bloom o r  
e a r l i e r
50% or  more 
l e a v e s
b r i g h t  g ree n E x c e l l e n t
1/4  bloom 30-497. l e a v e s medium g reen Good
3 /4  bloom 10-297, l e a v e s s l i g h t l y  brownish F a i r
L a te  bloom o r  seed Less  th a n  107. brown o r  moldy Poor
APPENDIX TABLE 4a
Q u a l i t y  R a t in g  f o r  S i l a g e
I f  th e  c o l o r  i s : I f  odor  i s : I f  m o i s t u r e  i s :  R a te  your  s i l a g e
N a t u r a l  o r  o l i v e c l e a n  and 
p l e a s a n t
65-707. ( b a l l s  up when 
squeezed)
E x c e l l e n t
Green to  s l i g h t l y  





( b a l l s  b u t  soggy) 
( b a l l s  b u t  d ry )
Good
Green t o  s l i g h t l y  
brownish
medium
b u r n t
75-807.
50-607.
( j u i c e  runs  when 
squeezed)  
( d o e s n ' t  b a l l )
F a i r
Deep brown to  
b l a c k
moldy, musty 
o r  p u t r i d
807. or  
507. or
more ( j u i c e  runs  
f r e e l y )  




Q u a l i t y  R a t in g s  f o r  O at ,  M i l l e t  o r  Sudan P a s tu r e  
(rows o r  b r o a d c a s t )
I f  th e  stand® 
i s :
I f  th e  growth 
l e n g th  i s :
I f  t h e  v i g o r  i s  
i n d i c a t e d  by:
Rate  your 
p a s t u r e :
(Per  c e n t ) ( In c h e s )
90 and over 8-24 f a s t  growth and 
g r e e n n e s s
Exce1l e n t
70-89 over  24 slow grow th ,  m odera te  
g r e e n n e s s
Good
50-69 hea d in g  ou t slow grow th ,  p a l e n e s s F a i r
Below 50 headed ou t p a l e n e s s ,  l a c k  of  new 
growth
Poor
a I n  row s , 
5 p l a n t s
a p l a n t  e v e ry  4 -6  i n ch es  i s  a f u l l  s t a n d ;  
p e r  sq u a re  f o o t  i s  a f u l l  s t a n d .
APPENDIX TABLE 6 a
b r o a d c a s t ,  4 or
Q u a l i t y  R a t i n g s  f o r  Pure Grass  P a s t u r e  ( D a l l i s  
B a h a i ,  Bermuda and Small G r a i n s ) a
»
I f  th e  s ta n d
i s :
I f  t h e  growth 
l e n g t h  i s :
I f  t h e  v i g o r  i s  
i n d i c a t e d  by:
Rate  your  
p a s t u r e :
(Per  c e n t ) ( In c h e s )
90 and over 2 - 6 f a s t  growth and 
g re e n n e s s
E x c e l l e n t
70-89 1 - 2  o r  over  6 s low growth and 
m odera te  g re e n n e s s
Good
50-69 0 - 1  g r a s s  headed p a l e n e s s F a i r
Below 50 0  no  new growth p a l e n e s s Poor
a N l t r o g e n  f e r t i l i z e r  i s  c r i t i c a l  on pure  g r a s s e s .  C o lo r  and growth 
r a t e s  a r e  a s s o c i a t e d  w i th  time and r a t e  o f  n i t r o g e n  a p p l i e d .
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APPENDIX TABLE 7a 
Q u a l i t y  R a t in g s  f o r  Legume-Grass P a s t u r e  M ix tu re 3
I f  th e  s t a n d  
i s :
I f  t h e  legume 
c o n t e n t  i s :
I f  th e  growth 
l e n g t h  i s :
I f  i t s  v i g o r  i s  
i n d i c a t e d  by:
Rate  your  
p a s t u r e :
(Per  c e n t ) (Pe r  c e n t ) ( In c h e s )
90 and over 40-60 3-8 f a s t  growth E x c e l l e n t
70-89 20-39 2-3 o r  8-10 slow growth Good
50-69 5-19 below 2 o r  
headed  out
no new growth F a i r
Below 50 Below 5 m atu re brownness Poor
aP a s t u r e s  i n  t h i s  c a t e g o r y  a r e  c l o v e r s ,  v e t c h  or  S i n g l e t a r y  peas  w i th  
c e r e a l s ,  rye  g r a s s ,  D a l l i s ,  Bermuda o r  B ah a i .
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APPENDIX TABLE 8a
M o r r i s o n ' s  F eed ing  S ta n d a rd s  Used i n  C a l c u l a t i n g  Feed Needed 
by Each I n d i v i d u a l  Cow on th e  E l e c t r o n i c  Data 
P r o c e s s i n g  Machine Records  Program (EDPM)a
I .  M ain tenance  Requirements
I I .  P r o d u c t io n  Requirements
Body Weight

















7 .4  
8 . 0










6 .5  
7 .0











aFrom: M o r r i so n ,  F. B. Feeds  and F eed in g .  22nd Ed. The Mor­
r i s o n  P u b l .  Co. I t h a c a ,  N. Y. 1956 as  used  p r i o r  to  
th e  fo rm ula  deve lo p ed  by Jo n es  ( 8 3 ) .
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APPENDIX TABLE 9a
D a i ly  Net Energy Requirem ents  f o r  Maintenance and Milk 
P r o d u c t io n  as  C a l c u l a t e d  f o r  I n d i v i d u a l  Cows on 
the  E l e c t r o n i c  Data  P r o c e s s i n g  Machine 
Records  Program (EDFM)a
Body Weight 





P r o d u c t io n  
Requirement  (Therms)
< 8 0 0 27.74 4 .98 8 . 37
800- 890 24.36 5.53 7.71
900- 990 25.39 6 .08 8.07
1000-1090 27.64 6.63 8 .83
1100-1190 28.63 7.18 9 .17
1200-1290 31.74 7.73 10.27
1300-1390 33.25 8 .28 10.81
1400 a n d > 0 0 0
MEAN (X)“ 1050 27.53 6.63 8 .71
aC a l c u l a t e d  by use o f  the fo l l o w in g  formula  ( I )  deve loped  by Jones  
(8 3 ) :





r e q u i re m e n t s  in  Therms, where:
X ■ Cow's Body Weight in  Cvt .
Y ■ D a i ly  m i lk  p r o d u c t io n  
Z ■ B u t t e r f a t  t e s t
bWith E 7 + .55 (X - 7 ) |  ■ D a i ly  m a in tenance  r eq u i re m e n t  
c and Y j728 + .05 (Z - 3 .0 ) j 193 + Y^ 
-2 M
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D e r i v a t i o n  o f  Therms p e r  Cow p e r  Day 
f o r  Maximum Milk P r o d u c t io n
( I I )  ^  - 65.5749 + 0.1510X1 + 1.3438X2 + 1.0935X3 + 0.3723X4 +
1.0519X5 - 0.0009X2 - 0 . 0017X^ - 0 .0019x2
Using the  f i r s t  d e r i v a t i v e  of  c o n c e n t r a t e  which i s
2a1 . 3438X_ - 0 . 0009X :
2 2
1.3438 - 0 . OOI8 X2 = 0
X = 1.3438 ^ 2 4 4 . 4 4  cwt. Therms/herd /month
1 0 .0018
74444 -7 30*5 = 2478 The rm s /he rd /day
2478 — 5 3 .4C = 46 .40  Therms/cow/day
4 6 .4 0  -f 0 .70^  = 66 .30  lb c o n c e n t r a t e / c o w / d a y
aX2 “ Therms ENE from c o n c e n t r a t e s  ( i n  cwt, on a h e rd  month b a s i s ) .  
^30 * Days p e r  month.
53 .4  ■ Average number of  cows p e r  h e r d .
^ 0 .7 0  ■ Therms ENE p e r  lb c o n c e n t r a t e .
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APPENDIX TABLE 11a
D e r i v a t i o n  o f  Therms p e r  Cow per  Day 
For Maximum Income Over' Feed Cost
(VI) ^  -  - 79 .3608 + 0.9685X5^ + 1.3979X3 - 1.1333X4 - 0 .0099x2
O.OOAIX^ + 0.0070X2
Using th e  f i r s t  d e r i v a t i v e  o f  s i l a g e  which i s
1 . 3479X„ - 0.0099x2* :
1.3479 - 0.0198X3 = 0
1.3479X3 * ~0 ‘0198 * 68 .10  cwt* Therms/herd/month
6810 — 30*3 = 227 Therms / h e r d /d a y  
227 4  5 3 .4C * 4 .25  Therms/cow/day
4 .2 5  — 0 .14^  = 30 .40  lb s i l a g e / c o w /d a y
aX3 * Therms ENE from s i l a g e  ( i n  c v t , o n  a h e rd  month b a s i s )  
30 * Days p e r  month.
Q
53 .4  “ Average number cows p e r  he rd ,
^ 0 .14  ■ Therms ENE p e r  lb s i l a g e .
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